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A polymerase chain reaction (PCR) protocol with IS6110/986 as the target 
sequence was evaluated by varying the concentrations of primer pairs, Mg2+ ion and 
dNTP, and the program of thermal cycles, for optimization as determined by the detection 
limit of target DNA which was found to be 0.025 fg. During the evaluation, reference 
strains and clinical isolates of Mycobacterium tuberculosis complex, containing different 
numbers of copies of the insertion sequence were used as positive controls and other 
species of micro-organisms were used as negative controls. The efficiency of six cell 
breakage methods commonly used for treating M tuberculosis were compared, using pure 
cultures ofM. tuberculosis as free cells and within macrophages, using the detection limits 
based on number of cells determined by viable count and direct cell count. Results from 
the comparative studies on cell disruption methods showed that the enzymatic method 
with detergent treatment (Method 1), and the sonication method with freeze-thawing and 
boiling (Method 2) were the two most efficient methods, with detection limits of 0.002 
CFU and 1 cell. The two best cell breakage methods based on studies in vitro and in vivo, 
followed by the optimized PCR protocol were applied for the analysis of different types of 
clinical specimens, including those of bronchial aspirate and lavage (n=204), pleural fluid 
(n=94), biopsied tissues (n=50), sputum (n=139) and cerebrospinal fluid (n=52). Results 
showed that Method 1 was superior to Method 2, although the outcomes varied among 
different types of clinical specimens. PCR analysis of bronchial specimens revealed 94.4% 
sensitivity and 84.6% specificity, with no detectable inhibitory effects. Preliminary results 
from analyses of sputum and cerebrospinal fluid specimens were also rather encouraging 
even with the presence of inhibitory effects. However, the sample sizes for positive cases 
were insufficient for statistical evaluation. Results from the analyses of pleural fluid and 
biopsied tissues were disappointing, with poor sensitivity but reasonable specificity. Based 
on the results obtained from our in vitro and in vivo studies we are confident that the cell 
breakage method and the PCR protocol selected can be applicable in a mycobacteriology 
laboratory for rapid identification o f M tuberculosis after the organisms are recovered by 
culture, but results obtained from the analyses of clinical specimens indicated that the same 
method and protocol can only be applied to selected types of clinical specimens with 
reasonable diagnostic accuracy. In the future, with refinement in the procedure regarding 
breakage of mycobacterial cells, specimens clean-up and removal or inacitivation of 
inhibitory effects，promising results might be obtained for all clinical specimens. 
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VI. Introduction 
Tuberculosis remains an important global health problem and its incidence has 
been increasing since late 1980s (Tala and Kochi, 1991). Reports from the World Health 
Organization (Kochi, 1991; Sudre, Dam and Kochi, 1992) reviewed that one-third of the 
world's population was infected by Mycobacterium tuberculosis, causing at least 8 million 
new cases and 3 million deaths annually, with most of these cases occurring in the third 
world or developing countries. Multidrug-resistant M. tuberculosis alone and in co-
infection with other mycobacteria, in high risk population (Sepkowitz and Raffalli, 1994) 
especially the ones with fflV (Voetberg, 1991; Tabet et a!., 1994), has produced large 
pressure for routine Mycobacterial laboratories. Unfortunately M tuberculosis is a slow 
growing organism which requires 4 to 8 weeks for visible colonies to be seen, it is time 
consuming and labour intensive for achieving diagnosis using solely the conventional 
methods. It is therefore obvious that we need to develop method(s) in the laboratory for 
rapid detection of M tuberculosis in clinical specimens to assist clinicians in making rapid 
diagnosis for this disease. 
Several directions of development in rapid methods for Mycobacterial species have 
been found in the literature, including the use of radiometric culture medium (Siddiqi et 
a!., 1984; Peterson et a!.，1989), detection of chemical and immunological markers 
(Bermudez, 1994) and molecular biology approach (Salfinger and PfyfFer, 1994). The 
radiometric system made use of the measurement of the radioactive carbon dioxide 
released by the organism after metabolizing the radioactive palmitate added to the culture 
medium, and as a result speeding up the detection time (Siddiqi et al., 1984; Peterson et 
al” 1989). Detection of chemical markers included the use of gas chromatography / mass 
spectrometry to pick up tuberculostearic acid which is a structural fatty acid of the 
mycobacterial cell wall (French et al., 1987a; French et al” 1987b; Arnold et al, 1988; 
Pang et al.�1989; Yew et al., 1991; Savic et al., 1992; Leufe/ al., 1993)，and the use of 
pyrolysis and high performance liquid chromatography for the analysis of cleavage 
products obtained from C22 to C26 fatty acid methyl esters (Shinnick and Good, 1994). 
Immunological methods have also been developed for rapid diagnosis of tuberculosis 
(Daniel etal.’ 1986; Schoningh etal. ,1990). Recently it seemed promising to make use of 
different molecular techniques to deal with mycobacteriology, including epidemiology 
studies (Hermans, 1990b; Otal et al., 1991; van Soollingen et al, 1991; Godfrey-Faussett 
et al., 1992; Zhang et a!., 1992; Chevrel-Dellagi et a!., 1993; Coronado et al, 1993; Das 
et al., 1993; Dwyer et a!.’ 1993; Ross et a!., 1993; van Soollingen et al.’ 1993a; Goyal, 
Ormerod and Shaw, 1994) and organism identification (Patel, Kvach and Mounts, 1986; 
Roberts, McMillan and Coyle, 1987; Lim et al, 1991; van Embden et a!., 1993; Gicquel, 
1993; Godfrey-Faussett etal., 1993; Cave et al.，1994) using DNA fingerprinting and 
probe hybridization technology (Peterson et a/.，1989; Saito et al, 1989; Thierry et al, 
1990; Haas et al., 1993; Plikaytis et al., 1993) and rapid detection of the DNA marker by 
amplification (Pao ei al., 1990; Sjobrinh et a/., 1990; Portillo, Murillo and Patarroyo, 
1991; Peneaue/a/., 1992; Hawkey, 1994; Pietrzak e/a/., 1994; Schluger e/a/., 1994b). 
. .The objective of this study is to review and evaluate, if necessary, the available 
Polymerase Chain Reaction (PCR) methods in the literature for rapid detection of M. 
tuberculosis in clinical specimens, and to find or develop a PCR method with acceptable 
sensitivity and specificity for rapid detection o f M tuberculosis in clinical specimens. 
VII. Literature Review 
A. Mycobacterial tuberculosis Infections 
Mycobacterium tuberculosis, an important pathogen causing pulmonary 
tuberculosis and extrapulmonary diseases, has always been considered a significant public 
health problem. Within the last decade there has been increasing incidences of 
tuberculosis together with the emergence of multidrug-resistant strains of M tuberculosis 
worldwide (Plikaytis et a!., 1994). Infections caused by M tuberculosis in adult can be 
categorized into reactivation of latent M tuberculosis infections and acute infections 
progressing to active disease (primary tuberculosis)(Sepkowitz and Raffalli, 1994), and 
recently primary infections with HTV has been another new problem for the prevention and 
control of the spread of tuberculosis in Western countries as well as in the other areas of 
the world (Kiehn and Armstrong, 1994). Since the diagnosis of tuberculosis based on 
culture requires weeks to months to be established, it is necessary to target on rapid 
detection of the organism in clinical specimens for the treatment of these patients and for 
the control of this disease. 
B. Diagnostic Criteria forM tuberculosis Infections 
Clinically, diagnosis of tuberculosis depends on the several criteria (Yew et a!.’ 
1991). Positive smear result for acid-fast bacilli (AFB) is the early classical laboratory 
diagnostic procedure for tuberculosis. This economical procedure provides a rapid and 
important preliminary information for diagnosis although the sensitivity is considerably 
low, and it cannot identify the acidfast organisms seen. Culture for mycobacteria has 
remained the 'gold standard' for diagnosis as it fulfills the Koch's Postulates (Salyers and 
Whitt, 1994) for the diagnosis of infectious diseases, however, M tuberculosis is slow-
growing and requires a long time for viable colonies to be seen and identified, and it is 
also labour intensive to perform mycobacterial culture and identification in a 
mycobacteriological laboratory. Histological investigations on clinical specimens to reveal 
granuloma and the appearance of AFB, radiological findings from patients, and positive 
response after anti-tuberculous drugs chemotherapy, are also important for making 
diagnosis for tuberculosis. 
C. Mycobacteriological Laboratory Investigations forM tuberculosis 
1. Conventional methods 
Clinical specimens sent to routine mycobacteriology laboratory for investigations 
are processed for smear examination and culture. Positive isolates are then identified and 
tested against anti-tuberculous drugs in vitro. Our laboratory as well as others examined 
smears first by screening after auramine O staining, and subsequently confirmed the 
positive smears using the Ziehl-Neelsen staining method (Runyon et a/.，1980). Cultures 
of the specimens, after decontamination if necessary, were performed on Lowenstein-
Jensen media. Conventionally M tuberculosis isolates were identified based on its acid-
fastness, slow growth rate, rough colonial morphology, positive niacin production, and 
other properties including the ability of reducing nitrate to nitrite, loss of catalase activity 
after heat treatment at 68°C, resistance to 10 mg/L thiophene-2-carboxylic acid hydrazide 
and susceptibility to 500 mg/L p-nitrobenzoic acid (Runyon et al., 1980; Yip, 1992). 
2. Rapid methods 
Several directions on the development of rapid detection methods for M 
tuberculosis have been introduced, including radiometric culture (BACTEC system) 
(Siddiqi et al., 1984; Peterson et al., 1989), detection of chemical markers such as mycolic 
acid (Salfinger and Pfyffer, 1994; Shinnick and Good, 1994) and tuberculostearic acid 
(French et al., 1987a; French, et al., 1987b; Arnold, et al., 1988; Pang et al., 1989; Yew 
et a/” 1991; Savic et al, 1992; Luef et al., 1993), detection of immunological markers 
(Daniel et a!.，1986; Schoningh et a/.，1990), and the new developments in the application 
of molecular biology techniques, including various methods of DNA amplification and 
detection (Boddinghaus et al., 1990; Godfrey-Faussett et al.，1991; Pierre et al., 1991; 
DeWit, Maartens and Steyn，1992; Abe et al., 1993; Haas et al, 1993; Miyazaki et a/., 
1993; Jonas et al., 1993; Plikaytis et al., 1993; Ross and Dwyer, 1993; Liu et al, 1994; 
Miller, Hernandez and Cleary, 1994; Pfyffer et al., 1994; Pietrzak et al., 1994; Wiid et al., 
1994) and the use of firefly luciferase reporter phage system (Cooksey et al., 1993). The 
aim of these developments targeted at a simple, rapid, sensitive and specific method to 
provide routine laboratory service for the diagnosis of tuberculosis. Amongst these new 
developments, the use of molecular biology techniques, especially DNA amplification via 
polymerase chain reaction (PCR), has received much attention as it seems to have the 
greatest potential in providing the clinicians a rapid diagnostic method for M 
tuberculosis infections (Salfinger and Pfyffer，1994). 
D. Polymerase Chain Reaction (PCR) - the Principle 
In order to obtain enough DNA or target gene sequence to be analyzed in a clinical 
specimen, it would be advantageous to have the target amplified. Polymerase Chain 
Reaction (PCR) is the most commonly used DNA amplification method. The method is 
theoretically sensitive and specific, depending on the selection of target gene(s), the 
design of primers, the availability of specific probe(s) and the optimization of the 
procedures (Innis and Gelfand, 1990). The method can allow specimens to be done in 
batches (depending on the instrument) in addition to its advantage of providing rapid 
results in less than three days including extraction of DNA, blotting and hybridization. 
DNA amplification by PCR is an in vitro method for the specific amplification of 
target nucleic acid sequences through repeat cycles of thermal denaturation, 
oligonucleotide primer annealing, and primer extension by a thermostable DNA 
polymerase (Taq polymerase)(Innis and Gelfand, 1990). The available target double 
stranded DNA is initially denatured by heating 94°C. On subsequent cooling to 65°C, the 
oligonucleotide primers anneal to the specific DNA sequences which flank the target DNA 
region. The thermostable DNA polymerase then elongates the primer, copying the DNA 
sequence required. By repeating the cycling process of denaturation, primer annealing 
and elongation, the target DNA sequence is amplified. 
E. Application of PCR for Detection of M tuberculosis 
Since the first report on the application of PCR assay for the detection of M 
tuberculosis (Hance et al., 1989), there has been a lot of publications on the application 
and development of this technique in an attempt to establish a rapid diagnostic method for 
tuberculosis. Different target DNA sequence, primers and probes, with different 
extraction and PCR procedures, have been applied to specimens ranging from pure culture 
to all kinds of clinical specimens relating to tuberculosis. It is therefore necessary to 
review the literature on the variations involved in relation to the outcome of such 
applications. 
1. Choice of target sequences 
The selection of specific target DNA sequence that is specific for M. tuberculosis 
has been one of the most important part in the development of PCR technique for rapid 
diagnosis of tuberculosis. Different target sites of mycobacteria DNA sequence, including 
the 65 kDa heat shock protein (HSP) antigen coding gene (Brisson-Neol et a!.，1989; 
Hance et al., 1989; Hermans et a!., 1990a; Pao et ai., 1990; Sjobring et al., 1990; Peneau 
et a!., 1992 ； Cook et a!., 1994)，the MPB64 protein coding gene (Kaneko et ai, 1990; 
Shankar et a!., 1990; Manjunath et a!., 1991; Shankar et a/., 1991; Cousins et ai, 1992), 
and the insertion sequence IS6110/986 (Eisenach et al, 1990; Thierry et al., 1990;' 
Brisson-Noel et al., 1991; Eisenach et ai, 1991; Plikaytis et al., 1991; Altamirano et al., 
1992; Buck, 0，Hara and Summersgill, 1992; Kolk et al., 1992; Saboor, McIJohnson and 
McFadden, 1992; Victor, Toit and vanHelden, 1992; Andersen et a/.’ 1993; Clarridge III 
et al., 1993; DeWit et a!., 1993; Folgueira et al., 1993; Forbes and Hicks，1993; Kocagoz 
et a/.，1993; Pierre et a!., 1993; Shawar ef al., 1993; Folgueira et al, 1994; Kolk et al.’ 
1994b; Kox et a/., 1994; Schluger et a/.，1994a; Schluger et a/.’ 1994b), were frequently 
applied. Different sets of primers have been designed for the amplification of these target 
sequences and different probes have also been utilized for the confirmation of the PCR-
amplified products in addition to their initial identification solely based on molecular size 
determination after electrophoresis in the ethidium bromide-incorporated agarose gel. 
Amongst the abovementioned target sequences, IS6110/986, an element of the IS3 family 
which was specific for the Mycobacterium tuberculosis complex (McAdam et a!., 1990; 
Thierry et al., 1990)，was the most widely used target sequence for diagnosis and 
epidemiology studies (Herman et al., 1990b) since it has the advantage of being in 
repetitive multiple copies in the genome of M tuberculosis isolates, thus increasing the 
sensitivity of the PGR method. However, recent investigation on the comparison of using 
different target sequences revealed that IS6110/986 gave rise to more false-positive 
findings due to repeated copy sequence amplification and that MPB64 was the most 
specific for early diagnosis of tuberculous meningitis (Lee et al, 1994). A further 
disadvantage on the use of IS6110/986 was reported recently where 1/700 to 3/266 o f M 
tuberculosis isolates from some localities were found to lack such an insertion sequence 
(Das et al., 1993; van Soolingen et al., 1993a), causing a slight decrease in the sensitivity 
of the PGR method. 
2. Choice of method for the detection & identification ofPCR-amplified product 
Detection of PCR-amplified product can be achieved by electrophoresis in 
ethidium bromide-incorporated agarose gel alone (Plikaytis et al, 1991; Buck, O'Hara 
and Summersgill, 1992; Cousins et a!” 1992; Peneau et a!., 1992; Victor, Toit and van 
Helden, 1992; Forbes and Hicks, 1993; Kocagoz et a/., 1993; Kolk et al., 1994a; Kolk et 
al., 1994b; Noordhoek et al., 1994; Schluger et al., 1994b) or followed by Southern 
blotting and hybridization with labeled probes (Brisson-Neol et al, 1989; Hance et a!., 
1989; DeWit et al, 1990; Eisenach et al” 1990; Fries et al” 1990; Kaneko et al, 1990; 
Manjunath et al, 1990; Pao et al., 1990; Patel et ai, 1990; Shankar et al” 1990; Thierry 
et al., 1990; Brisson-Neol et al” 1991; Eisenach et a/.’ 1991; Portillo and Patarroyo, 
1991； Shankar et al., 1991; Sritharan and Barker JR, 1991; Altamirano et al., 1992; 
Saboor, McI.Johnson and McFadden, 1992; Soini et al, 1992; Thierry et al., 1992; 
Andersen et al., 1993; Clamdge III et al., 1993; DeWit et a/., 1993; Folgueira et a!.’ 
1993; Nolte et al., 1993; Pierre et a!., 1993; Shawar et al, 1993; Folgueira et a/., 1994; 
Kox et al., 1994; Lee et al., 1994; Plikaytis et al., 1994; Schluger et al., 1994a). Dot blot 
and hybridization can also be applied (Hermans et al., 1990a; Kolk et al., 1992). Using 
Southern blotting hybridization with labeling probe enhanced the detection limit and the 
specificity of the PCR method. Practically using ethidium bromide in agarose gel alone has 
its limitation as a small amount of DNA may not be observed from the gel under the UV 
light. The technique of Southern blotting may directly transfer the electrophoresed DNA 
product from the gel to the membrane, and by hybridization with a labeled probe, the 
product identity, initially characterized by its molecular size, is further confirmed. Owing 
to the labeling of the probes by a radioisotope or chemiluminescence substrates, the 
exposed film usually gave a tenfold more sensitive result when compared to the ethidium 
bromide gel (DeWit et a!.’ 1990; Altamirano et a I., 1992; Saboor, McI.Johnson and 
McFadden, 1992). Radioisotope labeling probe is the most commonly used method in 
hybridization. The practical alternative to radioisotope is the application of avidin-alkaline 
phosphatase-chemiluminescent substrate system which has a longer probe shelf-life, 
shorter film exposure times and reduced cost because of the elimination of institutional 
charges associated with the acquisition, monitoring, and disposal of radioisotopes (Nolte 
et a!.’ 1993). In general, hybridization with a labeled probe can be used for verification of 
smaller fragments of the PCR positive product, as an enhancement for sensitivity, and as 
a double-checking on the identity of the products generated by the DNA amplification 
procedures. 
Dot blot and hybridization has the advantage similar to the those obtained by 
Southern blotting in addition to its simplistic procedure, but it suffers on both sensitivity 
如d specificity as the procedure requires a large amount of amplified product, and it lacked 
the initial characterization of the amplified products as determined by their molecular sizes 
after electrophoresis (Hermans et al, 1990a; Kolk et al” 1992). 
3. Studies on pure cultures 
a. Detection limit - target DNA 
Since Hance and his associates (1989) reported that the detection limit of target 
DNA by PCR was 50 ng, within the next five years several reports have revealed different 
detection limits, ranging from 1 fg to 50 ng, using different procedures (Hance et al, 
1989; DeWit et al.’ 1990; Eisenach et a!., 1990; Fries et a/.，1990; Hermans et al, 1990a; 
Pao et al, 1990; Patel et al., 1990; Thierry et al., 1990; Portillo et a!.’ 1991; Altamirano 
et al., 1992; Kolk et al, 1992; Saboor, McI.Johnson and McFadden, 1992; Soini et al, 
1992; Anderson et al, 1993; DeWit et al, 1993; Kox et a!., 1994). The lowest detection 
limit of target DNA reported in literature up to now was 1 fg (Eisenach et al, 1990; Kolk 
et a!.’ 1992; Saboor, McI.Johnson and McFadden, 1992). It was pointed out that 100 fg 
of mycobacterial DNA was equivalent to 20 bacterial cells (Hermans et a!., 1990a) or 40 
bacterial cells (Pao et al., 1990), as a result from such estimation 1 fg of the target DNA 
simply referred to the equivalence of one fifth of a mycobacterial cell (Patel et a/.’ 1990). 
There was less report after 1991 on the study of the detection limit of target DNA and it 
seemed that 1 fg was widely accepted as the lowest detection limit. 
b. Detection limit - Colony forming units 
During 1989 to 1994, there were several studies on PCR for the estimation of the 
detection limit in colony forming units (CPU) o f M tuberculosis complex using different 
reference strains and clinical isolates (Brisson-Noel et a!., 1989; Hance et a!., 1 如9; 
Sjobring et al., 1990; Eisenach et a/.’ 1991; Manjunath et al., 1991; Sritharan and Barker 
Jr., 1991; Altamirano et a!., 1992; Buck, 0，Hara and Summersgill, 1992; Victor, Toit and 
van Helden, 1992; Forbes et al., 1993; Kocagoz et al.’ 1993; Shawar et al., 1993; Kolk et 
a/.’ 1994a; Noordhoek et a!.’ 1994). The lowest detection limit of CPU reported in the 
literature was 0.023 CFU (Forbes et a!., 1993). However, it has been pointed out that 
the CFU counts could be erratic since the cells of M tuberculosis tend to clump together 
(Manjunath^/a/., 1991). 
c. Detection limit - Number of cells 
Although there have been numerous reports on the use of PCR in the detection of 
M. tuberculosis from pure cultures to various clinical specimens since 1989 up to 1994’ 
workers have generally referred their detection limits on the actual number of cells 
through calculation of DNA equivalents (DeWit et a!.，1990; Hermans et al., 1990a; Pao 
et al., 1990; Patel et aL, 1990; Kolk et al., 1992; Kox et al., 1994)，and there was no 
studies on actual counting of the cells subjected to PCR detection. However, there was 
one report which revealed that one bacterium amongst 2500 tissue cells in paraffin-
embedded sections could be detected by their PCR procedures applied (Ghossein et a!., 
1994). 
4. Studies on clinical specimens 
Since the first application of PCR technique for the clinical investigation being 
reported (Brisson-Neol et al., 1989), there were many studies aiming at the same target 
(DeWit e/ al., 1990; Hermans et al., 1990a; Kaneko et a!., 1990; Pao et al., 1990; 
Shankar et al., 1990; Sjobring et ai., 1990; Thierry et a/.’ 1990; Brisson-Neol et al, 1991; 
Eisenach et al.’ 1991; Manjunath et ai, 1991; Portillo et a!., 1991; Shankar et al., 1991; 
Sritharan and Barker Jr., 1991; Altamirano et al., 1992; Buck, O'Hara and Summersgill, 
1992; Kolk et al., 1992; Saboor, McI.Johnson and McFadden, 1992; Soini et a!., 1992; 
Thierry et al” 1992; Victor, Toit and van Helden, 1992; Anderson et al., 1993; Clamdge 
III et a/.，1993; Folgueira et al., 1993; Forbes et aL, 1993; Kocagoz et al., 1993; Pierre et 
a/.’ 1993; Shawar et a/” 1993; Folgueira et al., 1994; Ghossein et a!.’ 1994; Kolk et aL, 
1994a; Kox et a!., 1994; Lee et ai, 1994; Noordhoek et al., 1994; Schluger et a/., 1994a; 
Schluger et al., 1994b). Amongst these studies one could see variations in the 
10 
techniques used, variations in the clinical specimens studied, and variations in the outcome 
of such methodologies with respect to sensitivities and specificities. 
Most workers applied their PCR methods for the investigation of sputum 
specimens, however, sensitivities and specificities varied greatly, ranging from 2% to 
100% and from 38% to 100% respectively (Pao et al., 1990; Shankar et al” 1990; 
Eisenach et al., 1991; Portillo et al, 1991; Altamirano et ai, 1992; Buck, O'Hara and 
Summersgill, 1992; Cousins et al” 1992; Soini et al, 1992; Victor, Toit and van Helden, 
1992; Anderson et al., 1993; Clarridge III et al, 1993; Folgueira et al, 1993; Kocagoz et 
al, 1993; Shawar et al., 1993; Kox et a!.’ 1994; Noordhoek et al, 1994). Although most 
workers claimed that the PCR method chosen was of satisfactory performance with 
respect to sensitivity and specificity, there seemed to be no conclusion up to now of which 
method being the most superior, especially for the smear-negative specimens (Eisenach et 
al, 1991; Victor, Toit and van Helden, 1992; Anderson et al, 1993; Folgueira et al” 
1993; Kocagoz etal., 1993; Kox etai, 1994). 
Several PCR methods have also been applied to deal with cerebrospinal fluid 
specimens in order to obtain a rapid diagnosis for tuberculous meningitis (TBM)(Kaneko 
et a!., 1990; Shankar et al., 1991; Kolk et a!., 1992; Lee et al, 1994; Folgueira et al, 
1994). It was usually difficult to obtain a large enough sample size of this type of 
specimens for the evaluation of the PCR method, and reports had been made on studies 
with sample sizes ranging from 6 and up to 102 cases of IBM. The best sensitivity 
reported was 100% (n=6, Kaneko et al., 1990), and the lowest 79.4 % (n=85, Shankar et 
al , 1991); while the specificity ranged from 38 % (n= 27, Lee et al., 1994) to 100 % 
(n=6, Kaneko et al., 1990). 
Other types of specimens, including pleural aspirate (DeWit et al., 1990), gastric 
aspirate (Thierry et al., 1990; Pierre et al” 1993), bronchoalveolar lavage (Saboor, 
McI.Johnson and McFadden, 1992), paraffin-embedded granulomatous tissue (Ghossein et 
al., 1994) and blood (Kolk et al., 1994a; Schluger et al., 1994a), were also studied using 
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various methods of PCR. The results showed sensitivities ranging from 60% to 100% and 
specificities ranging from 90.9% to 100%, with the exception of a report which showed a 
9% sensitivity when blood was tested for the presence of DNA from M tuberculosis 
{KoXketal, 1994a). 
Apart from just working on a single type of clinical specimens, some workers have 
applied their PCR methods for all kinds of clinical specimens, including sputa, various 
biological fluids and tissues, sent to their laboratory for mycobacteriological 
investigations. Sensitivities and specificities reported from these field-applications revealed 
that they might range from 75% to 100% and 62.6% to 100% respectively, depending on 
the number of specimens they tested, the differences in the methods employed and the 
different "gold standards" being used (Brisson-Neol et al., 1989; Hermans et al, 1990a; 
Pao et al, 1990; Shankar et al, 1990; Sjobring et a!., 1990; Brisson-Neol et al, 1991; 
Manjunath et al, 1991; Sritharan and Barker Jr., 1991; Thierry et al, 1992; Schluger et 
a/.，_1994b). 
5. Problems 
From the reports in the literature on the use of PCR in the detection of M. 
tuberculosis in various in vitro studies it is clear that the detection limit for target DNA 
remains at 1 fg (Eisenach et al., 1990; Kolk et al.，1992; Saboor, McI.Johnson and 
McFadden, 1992); it is also clear that the detection limit of live M tuberculosis cells can 
be less than one CFU though the counting procedure may be erratic (Manjunath et al, 
1991). Theoretically one may use PCR to detect less than one cell in a specimen. 
However, when various methods of PCR were applied to various clinical specimens the 
results have not been satisfactory, with variable sensitivities and specificities. Factors 
contributing to the variations of results may be due to the efficiency in breakage of the 
mycobacterial cells hence the availability of the target DNA, optimization of the PCR 
conditions including the selection of target sequence and primers, contaminations, and/or 
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the possibilities of the presence of any inhibitory effects in clinical specimens which would 
affect the outcome of the assay, causing false-positive and false-negative results. 
a. Availability of target DNA 
( i ) Cell breakage efficiency 
Ten different cell breakage methods have been reported to be of frequent usage for 
the treatment of M tuberculosis cells, either in pure culture or in clinical specimens, giving 
detection limits of target DNA below 10 fg with sensitivities and specificities ranging from 
61% to 100% and 75% to 100% respectively (Eisenach et a!., 1990; Fries et al, 1990; 
Patel et a!.’ 1990; Thierry et a/.，1990; Portillo et al., 1991; Altamirano et al., 1992; Kolk 
et al, 1992;，Saboor, McI.Johnson and McFadden, 1992; DeWit et a!., 1993; Kox et a/.， 
1994). Among these methods the use of enzymes together with detergent was the most 
common (Fries et al, 1990; Thierry et cd., 1990; Portillo et al., 1991; Altamirano et al, 
1992; Kox et al, 1994). Pronase B, proteinase K, lysozyme, sodium perchlorate, sodium 
dodecyl sulfate (SDS) and N-cetyl-N,N,N,-trimethy ammonium bromide (CTAB) are the 
common enzymes and detergents for cell breakage (Fries et a/.，1990; Thierry et al.’ 1990; 
Portillo et al., 1991; Altamirano et al” 1992; Kox et al., 1994). In addition, sonication 
(Kaneko et al., 1990; Buck, O'Hara and Summersgill, 1992), boiling (Forbes et a!., 1993) 
and freeze-and-thawing (Buck, O'Hara and Summersgill, 1992) were also frequently 
applied for cell breakage. After the cells were broken and the chromosomal DNA 
released into the lysis buffer, organic extraction of the DNA was usually performed 
(Thierry et al., 1990; Portillo et al, 1991; Altamirano et al, 1992; Kox et aL, 1994). 
Although it is obvious that a cell breakage and DNA extraction method needs to be 
simple, rapid, efficient and safe for routine use in a clinical laboratory, it has been difficult 
to assess the cell breakage efficiency. All of the aforementioned methods, ranging from a 
simple procedure to a very complicated protocol, has not been too satisfactory when the 
outcome of their clinical applications were revealed. It is therefore necessary to search for 
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a simple and efficient procedure that would allow the target DNA of M tuberculosis to be 
easily obtained from clinical specimens in order to achieve good sensitivity and specificity. 
( i i ) Target sequence 
IS6110/986 has been the most frequently used target sequence for the detection of 
M tuberculosis complex by PCR as this insertion sequence is highly specific to 
mycobacteria belonging to the Mycobacterium tuberculosis complex (Thierry et al, 
1990). In addition, different species of M tuberculosis complex may possess different 
number of copies of this insertion sequence which may enhance the sensitivity of the PCR 
method. However, it has also been reported that a small number (less than 1%) of M 
tuberculosis isolates from some geographical areas do not contain such an insertion 
sequence in their genome (Das et al” 1993; van Soolingen et al., 1993b) which might give 
false-negative results when it is used for the PCR detection. Other target sequences from 
the DNA o f M tuberculosis have been chosen for the development of PCR (Hawkey, 
1994) but they were not as popular as the use of IS6110/986. 
b. Inhibitory factors for Taq polymerase 
One of the serious problem in PCR procedures giving rise to false-negative results 
came from the presence of inhibitory effects in various clinical specimens (Brisson-Neol et 
al., 1991; Soini et al•，1992; Clarridge HI et al., 1993). Lists of inhibitory effects for the 
Taq polymerase used in PCR in general could be found from various sources (Gelfand and 
White, 1990)，however, the nature of the inhibitory efFect(s) in clinical specimens were 
largely unexplored, though it has been shown in one study reporting inhibitory activity 
detected for the thermostable DNA polyermase could be concentration dependent 
(Greenfield and White, 1993). It has also been shown that sputum commonly consisted of 
elements of Taq polymerase inhibitory effects which might be removed by pretreatment 
with NaOH (Kocagoz et al., 1993), 50 % sucrose centrifligation (Victor, Toit and Helden, 
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1992), or N-acetyl-L-cysteine-NaOH treatment (Kolk et al., 1992). Blood is another type 
of problematic specimen where inhibitory effects for PCR is generally present, as reported 
in the studies on buffy coat (Schluger et al， 1994) or lymphocyte (Kolk et a!., 1994a) 
where EDTA-blood were obtained to avoid the leaking out of inhibitory effects from the 
lysis of red blood cell. Research on inhibitory effects and their removal or inactivation 
have been underway. Applications of guanidinium thiocyanate and diatoms have been 
shown to be effective in the removal of certain inhibitory effects from some clinical 
specimens (Kox et al., 1994). The classical approach of incorporating internal control of 
PCR to guide the activity of the amplification enzyme and substrate has been applied 
(DeWit et al,, 1993 ； Kolk et al, 1994b) with reasonably good results in eliminating the 
number of false-negatives. Up to now there is no universal solution to this problem yet. 
c. Contamination 
_ Contamination of specimens could usually generate false-positive results. It has 
always been emphasized in all references of PCR technology that precautions be made on 
avoiding contaminations (Lee et al” 1994). Apart from the incorporation of positive and 
negative controls in the PCR assays, it has been shown that the use of the dUTP-uracil N-
glycosylase PCR protocol might successfully prevent the appearance of false-positive 
results in some clinical specimens (Notle et a/.，1993), but whether this protocol can be 
universally applied remains to be further investigated. 
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VIII. Materials and Methods 
A. Bacterial Strains and Strain Maintenance 
1. Reference Strains 
Standard strains of micro-organisms used in this study included various species of 
mycobacteria, other Gram-positive and Gram-negative organisms as well as fungal 
species. Reference strains belonging to the Mycobacterium tuberculosis complex 
included M. tuberculosis RIVM, M tuberculosis H37Ra， M tuberculosis 
H37Rv，and M. bovis (Table 1). Other mycobacterial strains included : M. 
marinum, M. kansasii, M. simiae, M. scrofidaceum, M. gordonae, M avium, M 
intracellulare , M. gastri , M fortuitum , M. chelome, M phlei and M 
smegmatis (Table 2). Standard strains of the Gram-positive and Gram-negative bacteria 
used as controls included : Bacillus subtilis. Staphylococcus aureus, Escherichia coli, 
Klebsiella species, Pseudomonas aeruginosa, Nocardia asteroides, Nocardia hrasiliensis, 
Amycolatopsis orientails, Rhodococcus globerulus and of fungal species including 
Candida pseudotropiculis, Candida parapsiloris, Candida glabrate , Candida albicans, 
Candida kefyv, Chrysosporium tropicum and Geotrichum candidum (Table 3). All these 
reference strains were obtained from one of the following sources : namely the American 
Type Culture Collection (ATCC), Adelaide children Hospital, Australia, (ACH), 
Birmingham City Hospital, UK, (BCH), National Collection Type Culture (NCTC), St. 
Thomasas Hospital, UK, (STH), and Trudeau Mycobacterial Collection (TMC) (Table 1， 
2 & 3). . 
2. Clinical isolates 
Clinical isolates of Mycobacterium tuberculosis chosen for this study were TB 19, 
TB 18 , TB 15 , 153 a , 308 a , TB 20 , G 53211 and 22 a (Table 4), which were either 
collected from the Prince of Wales Hospital or from the Grantham Hospital, Hong Kong. 
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These isolates were chosen based on the results of their restriction fragment length 
polymorphism (RFLP) patterns. 
All of the clinical isolates listed in Table 4 were identified by conventional methods 
based on colonial morphology, growth rate，pigmentation and biochemical properties, at 
the Hong Kong Reference Mycobacteriology Laboratory in Yung Fung Shee Memorial 
Center. 
All the bacterial strains were kept frozen in triplicate sets in horse blood, with two 
sets stored at -70�C and the third in liquid nitrogen. 
B. Growth media and culture conditions 
The culture medium for the growth of all reference strains and clinical isolates of 
mycobacteria was Middlebrook 7H9 broth supplemented with 10 % oleic acid-dextrose-
catalase (OADC) (Difco) and 2 % glycerol. When the number of mycobacteria needed to 
be assessed, 0.05 % Tween 80 were used to replace glycerol. The mycobacteria were 
subcultured from the stocks and incubated at 37°C aerobically without shaking until the 
turbidity reached MacFarland standard No. 1 for further use. 
Standard strains of Gram-positive and Gram-negative bacteria were inoculated in 
2.0 mL Brain Heart Infusion broth (Difco) and incubated at 37°C overnight. Other 
reference strains of fungal species were grown on Sabouraud agar (SA) (Difco) at 30°C 
until visible colonies were obtained. 
C. Restriction Fragment Length Polymorphism (RFLP) 
Restriction fragment length polymorphism analyses of mycobacterial DNA were 
performed on three standard strains as well as the aforementioned eight clinical isolates 
such that they could be used for subsequent work on the standardization of the PCR 
17 
assay. Insertion sequence IS6110/986 was chosen as the target sequence for the RFLP 
analysis (Hermans et al, 1991; Otal et al, 1991; van Soolingen et a!., 1991; Godfrey-
Faussett et al., 1992; Zhang et al., 1992; Chevrel-Dellagi et al, 1993; Das et a/.，1993; 
Dwyer et al., 1993; van Embden et al, 1993; Gicquel, 1993; Godfrey-Faussett et al., 
1993; van Soolingen et al, 1993b; Cave et al., 1994; Goyal, Ormerod and Shaw, 1994; 
TabQtetal., 1994). 
1. Extraction of chromosomal DNA from M tuberculosis 
Each of the standard strains and clinical isolates o f M tuberculosis was harvested 
at its late exponential phase when the broth cultures reached the turbidity matching that of 
MacFarland standard No. 1. The bacterial cells were pelleted by centrifugation (12,000 x 
g, 15'), inactivated at 80°C for 60 minutes, and resuspended by vortexing in 0.5 mL 1 x 
Tris-EDTA (TE) buffer (stock solution 10 x TE buffer : 100 mM Tris/HCl，pH 8.0 ； 10 
mM EDTA). Lysozyme was then added (50 \xL, 10 mg/mL) to the suspension, mixed, 
and incubated at 3TC for 1 h. The solution was further mixed with 70 mL of 10 % 
Sodium dodecyl sulfate (SDS) and 6 i^L of proteinase K (10 mg/mL), incubated at 65°C 
for 10 minutes, before the addition of 100 mL of 5 M NaCl. Eighty microlitres ofN-cetyl-
N，N，N，-trimethy ammonium bromide (CTAB)/NaCl (CTAB, 10 % w/v ； NaCl ’ 700 mM) 
mixture was then added to and vigorously mixed with the mixture through vortexing until 
the liquid content becomes ” milky "，and incubated for 10 minutes at 65°C. The "milky" 
solution was then extracted with equal volume (0.7 mL) of chloroform : isoamyl alcohol 
(24 : 1 , v/v), and the aqueous supernatant, after centrifugation (12,000 x g, 5'), was 
transferred to a fresh microcentrifuge tube. .Isopropanol (6/10 volume of the transferred 
volume) was added to precipitate the nucleic acid by placing the solution at -20°C for 30 
minutes. The precipitated DNA was obtained as a pellet after centrifugation (12,000 x g, 
15') at room temperature. The DNA pellet was then washed with 1.0 mL cold ethanol 
(70 % v/v), repelleted by centrifugation (12,000 x g, 5'), dried at room temperature, and 
finally redissolved in 10 to 20 mL of 0.1 x TE buffer or sterile distilled water for further 
use. 
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2. Digestion of chromosomal DNA by Pvu H 
The concentration of DNA extracted from each of the mycobacteria strains was 
estimated spectrophotometrically under UV (Titus, 1991) using a Kontron 
Spectrophotometer (UVIKON 860, Kontron Instruments，Switzerland) and subsequently 
by visual comparison with a known concentration of DNA after agarose gel 
electrophoresis and ethidium bromide staining. DNA samples of similar concentration 
adjusted with double distilled water were then digested by adding restriction endonuclease 
Pvu n (1 |LIL, 10 U/|iL) in buffer to a final volume of 20 jiL. The mixture was incubated 
for at least one hour at 37�C. 
3. Separation of digested DNA fragment by electrophoresis 
~ The Pvu n digested DNA fragments were separated by electrophoresis in 0.8 % 
agarose incorporated with ethidium bromide (0.05 %，v/v). Lambda-Hind III/PhiX174-
Hae i n (150 ng/slot) (Health Care) were used as size markers. The samples were initially 
electrophoresed for 10 minutes at 3.2 V/cm (100 V), and then overnight at 0.8 V/cm (25 
V). The agarose gel after electrophoresis was recorded on photograph (Professional 
Coaterless B & W Instant Pack Film, 3 1/4 x 4 1/4 in.) (Polaroid 667) under ultraviolet 
transillumination (254nm UV bulb, 15 watt, Foto/Prep I) (Fotodyne). 
4. Southern blotting 
« 
The agarose gel after electrophoresis was pretreated for one hour in 0.25 M HCl 
solution, rinsed with distilled water, placed in a solution of 0.5 M NaOH in 1.5 M NaCl 
for 30 minutes, and finally in 0.5 M Tris-HCl in 1.5 M NaCl for one hour to achieve 
depurination，denaturation and neutalization of the DNA fragments before blotting. 
Blotting was performed using the capillary method (van Soolingen et al., 1993b). Briefly, 
eight pieces of Whatman filter papers (No. 5) (Whatman)(16 cm x 17 cm) wetted with 
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sterile 20 x SSC (3 M NaCl ； 0.3 M Sodium citrate), were placed at the bottom. The gel 
was laid on the top and with its position secured by strips of surrounding parafilm. A 
piece of Hybond N-plus membrane (14 cm x 15 cm) (Amersham) was then laid on the gel 
surface, and covered with four wetted Whatman filter papers followed by four dry ones. 
Finally, a pile of tissue and a ca. 1 Kg weight on a glass-plate were put on top of the blot-
tower overnight. The blotted membrane was marked for orientation by pencil and then 
fixed under UV transilluminator (366nm UV bulb, 15 wait, Foto/Prep I) (Fotodyne) for 
10 to 15 minutes. 
5. Preparation of DNA probes by Polymerase Chain Reaction (PCR) 
The DNA probe for IS6110/986 was synthesized by polymerase chain reaction 
using INS-1 (5'-CGTGAGGGCATCGAGGTGGC-3') and INS-2 (5'-
GCGTAGGCGTCGGTGACAAA-3') as primers and the chromosomal DNA extracted 
from Mycobacterium tuberculosis H37Ra as template. The component of the PCR 
mixture included 18.6 ^L PCR grade water, 5 |iL lOx PCR buffer, 3 jiL MgCh (25 mM 
，6 laL MgCli/lOO |iL PCR mixture), 20 |iL dNTP (12.5 mM ’ Pharmacia), 1 i^L Primer 
1 (INS-1) (200 ng/|iL), 1 i^L Primer 2 (INS-2) (200 ng/^iL), 0.4 |iL Taq Polymerase (5 
U/^iL) (Amersham) and 1 ^ L template DNA (ca. 300 ng/\iL) to a final volume of 50 |iL. 
The PCR soup was finally covered with 20 jiL mineral oil. The reaction was performed in 
an automated thermal cycler (GeneAmp PCR System 9600) (PERKIN ELMER, U.S.A.). 
The samples were first denatured by heating at 94°C for 3 minutes, incubated for 30 cycles 
at 94°C for 1 minute, 65°C for 1 minute, 72°C for 2 minutes, and finally extended at 72°C 
for 4 minutes. The PCR product was electrophoresed on 0.8 % low melting agarose gel 
staining with ethidium bromide, photographed under UV, and the probe cut and stored in 
microcentrifuge tube for further use. 
20 
6. Hybridization 
The Hybond N-plus membrane with DNA fixed on surface was pretreated with 
hybridization buffer (ECL golden buffer) at a volume equivalent to 0.25 ml/cm2 membrane 
in a hybridization bottle. The working hybridization buffer contained NaCl and blocking 
reagent at a final concentration of 0.5 M and 5 % respectively, was mixed by stirring for 
one hour at room temperature. The membrane was put in the buffer at 42°C for at least 
15 minutes. 
The double strand DNA probe was first denatured by boiling for 15 minutes before 
labeling. The labeled DNA probe mixture contained 10 \iL water, 10 |iL boiled DNA 
probe (the minimum amount of labeled DNA was 100 ng/|iL), 20 |iL DNA-labeling 
reagent and 20 jiL glutaldehyde, added to an eppendorf tube in order and mixed in an ice-
bath. The mixture was then incubated at 37°C for 10 minutes and then gently mixed with 
the hybridization buffer with the membrane soaked, and incubated at 42°C overnight with 
agitation. 
7. Detection 
After overnight incubation for hybridization, the hybridization buffer was drained. 
The membrane was washed twice with the primary washing buffer containing urea (6 M ， 
Urea ； 0.4 % SDS ； 0.5 x SSC) at a volume equivalent to 2 mL/cm2 membrane, and 
incubated at 42°C for 10 minutes with agitation. After removing the primary wash buffer, 
the membrane was placed twice in secondary washing buffer (0.1 % to 0.5 % SSC) at 
room temperature for 5 minutes with agitation. The washing buffer was then discarded 
and the blot was placed in a fresh container with an equal volume of detection solution 1 
and detection solution 2 (ECL RPN 3000 detection system, Amersham, England) to cover 
the blot and incubated for 1 minute at room temperature. After drained off the excess 
detection solution and wrapped in Saran Wrap, the blot was placed in the film cassette and 
covered with a sheet of autoradiography film ( Hyperfilm-ECL ) face to face to the blot on 
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the face carrying the DNA in the dark. The film was exposed for 3 hours or more, 
depending on the amount of target nucleic acid on the blot. The film was then developed 
with developer & replenisher (Kodak), fixed by fixer & resplenisher (Kodak GBX), 
hanged dried, and view under a light box. 
D. Assessment of Number of Organisms 
Assessment of the number of organism after culture was achieved by both the 
viable cell count method (Koch and Gerhardt, 1981) and direct cell count method (Koch 
and Gerhardt, 1981). 
1 • Viable cell count 
The reference strains and clinical isolates of M. tuhercidosis were subcultured 
using 100 nL from an inoculum with turbidity matching those of MacFarland standard No. 
1, in 10 mL Middlebrook 7H9 broth enriched with OADC and 0.05 % Tween 80，and 
incubated for 12 to 14 days at 37°C without shaking. Ten-fold serial dilutions of the 
culture were made to obtain dilutions ranging from 10'^  to using steriled double 
distilled water, and ten microliter of every dilutions was inoculated on Middlebrook 7H11 
agar plates supplemented with glycerol and incubated for 4 weeks at 37°C . Triple 
inoculations of each dilution were consulted for statistics of data. After incubation, the 
number of Colony Forming Unit (CFU) was obtained by visual counting of the number of 
colonies. 
2. Direct cell count 
The excess of each dilutions for viable cell count assessment was processed for 
direct cell count. All the serially-diluted solutions were heat-treated at 80�C for one hour 
and stored at 4°C. One milliliter of each dilutions was filtered through one piece of 0.2 
“M filter membrane (Nuclepore) under suction, and washed twice with phosphate buffer 
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saline (PBS). The membrane was then removed and stained with auramine O and 
examined under a fluorescent microscope (Leize Laborlux 12, L3, BP 450 - 490, Leize, 
West Germany), and the number of non-cluster cells was directly counted. All specimens 
were again done in triplicate. 
E. Assessment of the Presence of IS6110/986 inM tuberculosis Isolates 
The presence of IS6110/986 fragment of the organisms was assessed by RFLP 
typing. They included the three standard strains of M tuberculosis complex, the eight 
aforementioned clinical isolates and 100 clinical isolates of M. tuberculosis randomly 
selected from different institutes in Hong Kong. The protocol of the RFLP typing was 
mentioned in the aforesaid paragraph (C.l to C.7). 
F. Human Leukaemic Monocytic Cell Line (THP-1) 
A human leukaemic monocytic cell line, THP-1, was used for the uptake study. 
The cell line was a generous gift from Professor R. Wise, Birmingham City Hospital, 
Birmingham, U.K. The M tuberculosis strains used for the study included eight clinical 
isolates aforementioned and the two reference strains ofH37Ra and H37Rv. 
1. Growth media and maintenance 
The medium for the growth of THP-1 cell line was RPMI 1640 (Gibco) 
supplemented with 5 % NaHCOs (7.5%, w/v), 2.4 % HEPES buffer , 0.8 % filter-
sterilized glutamine solution ( 150 mM), 0.48 % gentamicin (4 mg/mL) and 10 % fetal 
bovis serum which was inactivated by heating at 56°C for 30 minutes. 
The THP-1 cells, at a maximum cell number of 8 x 10' cells/mL, were kept in 
民PMI 1640 with 20 % dimethylsulfoxide (DMSO) and 50 % human serum (blood group 
^ Rh+) and stored in liquid nitrogen. 
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2. Culture Conditions 
Cells taken from liquid nitrogen storage were thawed quickly at 37°C and the 
DMSO removed from the cell quickly by washing twice with the tissue culture medium 
supplemented with 10 % fetal bovis serum through centrifligation at 501 x g (Megafiige 
1.0，Heraeus SEPARECH, Germany) for 10 minutes at room temperature. The cell pellet 
was suspended in 20 mL of RPMI culture medium enriched with 10 % fetal bovis serum. 
The number of cells was counted by staining with trypan blue (2%) and observing the 
middle hatch area of Neubauer chamber under a light microscope (Diaphot, Nikon, 
Japan). About 5 x 10^  cells/mL were used for subsequent culture in the aforementioned 
medium and was incubated in CO2 incubator (5 % CO2) at 37°C for 4 to 5 days. When 
the cell concentration arrived 8 - 10 x 10^  cells/mL, the cell culture was needed to be split 
into aliquots at a suitable concentration of 3 x 10^  cells/mL for further growth. 
3. Uptake of M tuberculosis 
When the number ofTHP-1 cells reached 9 x cells/mL, the cells were used in 
vitro to uptake the mycobacterial cells. The THP-1 cells were obtained by removing the 
culture medium through centrifligation at 501 x g for 5 minutes and the cell pellet was 
resuspended in 20.0 mL fresh culture medium. Twenty microlitres of retinoic acid (10 
M, dissolved in ethanol) were added to a final concentration of 10"^  M to trigger cell 
differentiation by incubating at 37�C in CO^ incubator for 3 days. The triggered cells were 
pelleted (501 x g, 5') and resuspended in 20 mL fresh and pre-warm culture medium 
enriched with 10 % human serum. Mycobacterial cells were then mixed with the 
differentiated THP-1 cells at different ratios ranging from 1 : 9 to 1 : 9 x lO'. The 
mixtures were centrifliged at 174 x g for 10 minutes at room temperature and then 
incubated at 37�C in a CO: incubator for 2 hours. After incubation, the infected cells 
were ready for DNA extraction and PCR experiments. 
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G. Cell Breakage and DNA Extraction Methodologies 
The efficiencies of different cell breakage and DNA extraction methods were 
assessed using pure cultures of M. tuberculosis selected, alone and phagocytized by the 
activated THP-1 macrophages, before they were applied for the analysis of clinical 
specimens. Six methods reported in literature with the highest efficiencies were compared 
(DeWit et al.’ 1990; Thierry et al., 1990; van Soolingen et al.’ 1993b; Buck et al, 1992; 
Kolk et al., 1992; Nolte et al., 1993). 
1. Method 1 — treatment with proteinase K and detergents, followed by organic solvent 
extraction (van Soolingen et aL, 1993b) 
This method was described in the aforesaid paragraph (C.l) for extraction of 
chromosomal DNA from M tuberculosis. Ten microlitres of the extracted DNA was used 
for the PCR assay. The procedure required 3 hours for completion, and could 
simultaneously be applied to a batch of 96 specimens within one day of work. 
2. Method 2 ™ freezing and thawing followed by sonication and subsequent boiling 
(Buck et al, 1992) 
Mycobacterial cell suspension was centrifliged for 5 minutes (12,000 x g) at room 
temperature, and the cell pellet resuspended in fifty microliters of Triton X-100 (2%, v/v) 
in PCR buffer. Each tubes was then placed in a bath of acetone with dry ice for 1 minute 
and then in a water bath at 85°C for 2 minutes. This freeze-thaw treatment was repeated 
for a total of eight times. The freeze-thawed specimens were then centrifliged for 5 
minutes (12,000 x g) at room temperature. The pellet was washed twice with distilled 
water, and resuspended in the residual water (approximately 25 |aL). The specimen-
containing tubes were then placed in a plastic rack that was floated in a dish of water next 
to the sonicator probe and sonication was applied for 30 minutes at 45 W. After 
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sonication, the samples were boiled for 10 minutes and centrifliged for 20 seconds (12000 
X g) to remove debris, and the supernatant was used for the PCR assay. The whole 
procedure required 3 hours for completion and could also be applied to batches of 
specimens. 
3. Method 3 — boiling with nonionic detergents (Nolte et al, 1993) 
The cell culture, pelleted by centrifugation for 2 minutes (12,000 x g) at room 
temperature, was resuspended in 100 \iL of sample buffer which consisted of 10 mM Tris 
(pH 8.0)，1 mM EDTA and 1% Triton X-100. The suspension was then placed in a heat 
block at 100°C for 30 minutes. The lysate was centrifliged for 2 minutes (12000 x g) at 
room temperature and the supernatant was used for the PCR assay. This procedure only 
required one hour and could be applied to deal with batches of specimens. 
4. Method 4 --- treatment with nonionic detergents, phenol, followed by organic solvent 
extraction (DeWit et al., 1990 ) 
Mycobacterial cells harvested by centrifugation (2122 x g, 15，）were resuspended 
in 2 mL ofTES buffer which contained 10 mM Tris hydrochloride (pH 8.5), 1 mM EDTA 
and 150 mM NaCl per liter. The suspension was heated at 70°C for 30 minutes and the 
cells subsequently lysed by the addition of SDS (10%) to a final concentration of 1.5% 
with and an equal volume of buffered phenol. The lysates were mixed at 37°C for 3 hours 
on an orbital shaker to ensure complete lysis and to enhance the extraction of proteins 
and lipids. Then the solution was centrifliged (12000 x g, 15') at room temperature after 
which the aqueous supernatant were extracted twice with an equal volume of chloroform : 
isoamyl alcohol (24 : 1 , v/\). The extracted DNA was precipitated by the addition of an 
equal volume of polyethylene glycol (PEG 6000 ； Sigma) in 2.5 M NaCl at room 
temperature for 15 minutes. The DNA pellet was harvested by centrifliged at 12,000 x g 
for 15 minutes at room temperature. The DNA pellet was then washed twice with 70% 
ethanol, and dried in a Speed-Vac concentrator (Savant, New York). Finally, the DNA 
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redissolved in sterile distilled water was used for PCR assay. The whole extraction 
procedure required 6 hours to complete, and the number of specimens was limited by the 
equipment concerned. 
5. Method 5 --- boiling with alkaline - SDS, followed by phenol-chloroform extraction 
(Thierry etai, 1990) 
Mycobacterial cells were pelleted from culture suspension and suspended in 200 
[iL of lysis buffer which contained 0.1 M NaOH，2M NaCl and 0.5 % SDS, and then 
heated at 95°C for 15 minutes. DNA from the resulting lysates was extracted twice with 
phenol-chloroform (1:1, v/v), and the aqueous supernatant after centrifUgation (12000 x g, 
15 minutes, RT) was transferred in a fresh microcentrifuge tube and the DNA was 
precipitated with the additional of 90% ethanol. The solution was centrifuged again at 
12,000 g for 5 minutes to harvest the DNA which was then air-dried. The DNA was 
resuspended in 100 |iL of sterile distilled water for further PCR assay. The procedure 
took two hours to complete and could be applied for batched specimens. 
6. Method 6 --- boiling with nonionic detergents and proteinase K (Kolk et al., 1992) 
Mycobacterial cells from broth culture were obtained by centrifUgation (12,000 x 
g, 5', RT) and resuspended to a final volume of 500 \xL with digestion buffer which was a 
ten-fold dilution of the stock solution containing T ween 20 (5 %，v/v) and proteinase K 
(10 mg / mL) in 200 mM Tris-HCl (pH 8.3). The mixtures were first incubated for 18 
hours at 60�C and then heated for 15 minutes in a 100°C water bath. The samples were 
either stored at 4°C or used immediately for the PCR assay. The procedure required 
overnight treatment of specimens. 
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H. Polymerase Chain Reaction (PCR) Methodologies 
I. Primer and probe 
A pair of 20-base synthetic oligonucleotide that bracked a 245-base region of 
insertion sequence IS6110/986 forM tuberculosis was synthesized. The sequences of the 
oligonucleotide primers were : 
INS-1, 5, CGTGAGGGCATCGAGGTGGC 3' and 
INS-2, 5' GCGTAGGCGTCGGTGACAAA 3'. 
Another oligonucleotide pair of 20 bases in length located between the two primers 
was synthesized to be used as the hybridization probes and their sequences were : 
Pl(INS-3) , 5' GAACGGCTGATGACCAAACT 3' and 
P2 (INS-4 ), 5' ACGTAGGCGAACCCTGCCCA 3’. 
Both the oligonucleotide primers and probes were synthesized using an 
oligonucleotide synthesizer (Millipore) with reagents supplied by the same company. 
PCR conditions 
DNA amplification reactions were performed using Thermus aquatics (Taq) 
polymerase and reagents according to the manufacturer's instructions (Amersham). The 
final reaction mixture contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgC12, 
O QOl % gelatin, 20 |iiL 12.5 mM (each) deoxynucleoside triphosphates, and 1 U of Taq 
polymerase. The volume of samples added to the reaction mixture, which was overlaid 
with mineral oil, depended on the different methods in extracting DNA from various 
specimens. The amount of water was adjusted in the reaction mixture to make the final 
Volume a total of 50 fiL. The amount of oligonucleotide primers used for the amplification 
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were dependent upon the detection limit which was optimized to 300 ug/mL. Control^ 
tubes with and without mycobacterial DNA were included in each set of reaction. The 
reaction was performed in an automated thermal cycler. The following thermal cycle 
programme was used throughout the study : 




















Fifteen microlitres of the PCR amplification product were examined by agarose gel 
electrophoresis to look for the 245-bp band, with ^ Phi 174/Hae III as size markers. A 
photograph of the gel after electrophoresis was taken using Polaroid 667 (Polaroid) under 
UV illumination for record purpose. The PCR amplification products after electrophoresis 
were further processed by Southern blotting and hybridization (procedures described in C. 
4 and C. 6) with the labeled 20-bp oligonucleotide probes homologus to the middle 
portion of this insertion sequence. The hybridized products were viewed using the 
chemiluminescence system (ECL) as described previously. 
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I. Patients and Clinical specimens 
1. Patients recruitment 
Patients recruited for this prospective study included selected cases from the 
Grantham Hospital and the Prince of Wales Hospital, Hong Kong. The patients were 
divided into the test group and the control group based on clinical judgement, laboratory 
findings of histological and bacteriological investigations, radiological findings, and clinical 
response after empirical treatment of anti-tuberculous drugs. Results obtained from PCR 
were then compared with a composite of the abovementioned findings which were 
considered as the 'gold standard' (Yew et al, 1991). 
2. Clinical specimens 
There are a number of clinical settings and materials from the Grantham Hospital 
and the Prince of Wales Hospital in Hong Kong targeted for studying the PCR technique 
for rapid diagnosis of tuberculosis. Specimens including bronchial aspirate & 
bronchoaveolar lavage (n=204), pleural effiision (n=94), tissue biopsies (n=50)’ 
cerebrospinal fluid (n=52) and sputum (n=139) were taken from both the test group and 
the control group. The test group of patients could be further categorized based on 
clinical and laboratory diagnosis into the tuberculous pleural effusion group, the sputum 
smear-negative pulmonary tuberculosis group, the tuberculoma group, the extrapulmonary 
tuberculosis group, and the silicosis group. 
Clinical samples subjected to PCR assay were treated by washing twice with 1 x TE 
buffer for removal of visible traces of blood. Biopsied specimens were cut into small 
pieces. Equal volume of N-acetyl-L-cysteine (1%, w/v) and NaOH (4%, w/v) solution 
were used to homogenize sputum specimens. The cell breakage & DNA extraction 
method(s) chosen for the analyses of clinical specimens were selected from the 
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aforementioned six methods based on the results obtained from studies with pure cultures 
and macrophage-uptake specimens. All clinical specimens, after the extraction 
procedure(s), were split into two portions. Purified DNA from M tuberculosis H37Rv 
were spiked into one of the portion, and both portions were then analysed through the 
optimized PCR amplification procedures. A set of positive and negative control was 
always included for the batch specimen analysis. 
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IX. RESULTS 
A. Development or Selection of a "Optimized" PCR Protocol for the Detection of 
M tuberculosis Using Pure Cultures hi Vitro 
The initial PCR protocol used in this study involved the use of INS-1 and INS-2 as the 
primer pair (Figure 1) for the amplification of the insertion sequence IS6110/986 (Figure 
1) to detect the presence of M. tuberculosis. Confirmation of the amplified product was 
achieved by probing, after Southern blot and hybridization, with the product sequence 
generated by PCR using INS-3 and INS-4 and the primer pair (Figure 1). A positive 
results from the PCR protocol involved the generation of a DNA fragment of molecular 
size of 245 bp which could be visualized on the ethidium bromide stained agarose gel after 
electrophoresis (Figure 2), and such fragment, after blotting, could be hybridized with the 
product sequence obtained after PCR amplification using INS-3 and INS-4, and 
visualized on X-ray film after chemiluminescence development (Figure 2). 
1. Selection of organisms for verification of the PCR protocol 
Micro-organisms, including reference strains o f M tuberculosis (Table 1) and other 
mycobacteria (Table 2), and other bacterial and flingal species (Table 3), were selected as 
positive and negative controls for testing the PCR procedure in the detection of M 
tuberculosis. All the five M tuberculosis strains and the two M bovis strains tested gave 
positive products after the PCR amplification (Figure 2) while the other bacterial and 
fungal isolates were negative which lacked the DNA fragment of molecular size of 245 bp 
after PCR (Figure 3). Eight clinical isolates o f M tuberculosis which contained variable 
copies of the insertion sequence IS6110/986 (Figure 4’ Table 4) gave positive results by 
PCR when tested by the same procedure (Figure 5). 
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A further one hundred isolates of M tuberculosis, collected from different hospitals in 
Hong Kong, were also screened for the presence of IS6110/986’ initially by RFLP typing 
followed by the PCR procedure, and all of these isolates were positive. 
2. Optimization of the PCR conditions 
. 2+ . 
Variations were made on concentrations of the primer pair, Mg ion 
concentrations and the number of thermal cycles for the optimization of the PCR protocol. 
It was noted that positive products could be obtained with primer concentrations ranging 
from 200 ug/mL to 300 ug/mL (Figure 6 & 7)，Mg2+ ion concentrations ranging from 1.0 
to 5.0 mM (Figure 8)，and through 30 to 45 thermal cycles. The PCR procedure was 
then set with 1.5 mM Mg2+ ion, 200 ug/mL of each of the primer pair, and through 30 
thermal cycles. 
3. Detection limit of target DNA using the PCR procedure 
The detection limit of target DNA obtained from the aforementioned eight clinical 
isolates ranged from 2500 fg to 0.03 fg when visualized by the ethidium bromide stained 
agarose gel after electrophoresis, and ranged from 0.14 fg to 0.025 fg when visualized 
after hybridization and chemiluminescence development (Figure 9 & Table 5). The 
detection limit of the target DNA containing only one copy of IS6110/986 obtained from 
M tuberculosis TB 19 using the PCR procedure was 2500 fg as visualized by the 
ethidium bromide stained gel, and 0.025 fg after hybridization (Table 5). The target DNA 
containing 15 or more copies of IS6110/986 gave the lowest detection limit of 0.025 fg 
(Figure 10 & Table 5). 
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B. Initial Screening of Six Different Cell Breakage Procedures Using Pure Cultures of 
M tuberculosis Isolates TB19 & 22a Based on Detection Limits of Colony Forming 
Units and Number of Cells 
When pure cultures ofM. tuberculosis TBI9 and 22a were subjected to the six cell 
breakage methods and PCR procedures listed in the previous section, it was found that 
Method 1 and Method 2 gave the lowest detection limits with respect to the number of 
CFU, ranging from 0.4 to 0.002 (Table 6)，as well as the number of cells, ranging from 73 
to 1 (Table 7)，depending on the method of detection after DNA amplification. The rest 
of the methods gave comparatively higher detection limits, ranging from >40 CFU to 0.02 
CFU (Table 6) and down to the lowest limit of 8 cells (Table 7). It should be noted that 
M tuberculosis isolates containing more than one IS copies gave lower detection limits 
than those containing less IS copies no matter which cell breakage method was employed 
(Table 6 & 7). 
C. Comparison of Method 1 and Method 2 Based on Detection Limits of Colony Forming 
Units and Number of Cells Using Pure Cultures of the Eight Clinical Isolates of 
M. tuberculosis with variable copies of IS6110/986 
A detailed comparison between Methods 1 and 2 on the detection limits in terms 
of CFU and number of cells using the eight isolates of M tuberculosis containing one to 
more than 17 copies of IS6110/986 revealed that Method 1 gave detection limits ranging 
from 0.4 to 0.002 CFU and 73 to less than one cell by ethidium bromide staining and from 
0.073 to 0.002 CFU and 6 to less than one cell after hybridization (Figure 11 & 12，Table 
8 & 9)，while method 2 gave similar detection limits by ethidium bromide staining and 
hybridization, with lowest detection limits of 0.002 CFU and one mycobacterial cell 
(Figure 11 & 12’ Table 8 & 9). It was again obvious that the detection limits were lower 
in isolates that contained more copies of the IS6110/986 irrespective of the cell breakage 
procedures used (Table 8 & 9). 
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D. Detection o fM tuberculosis Isolates Within Macrophages 
1. Uptake o f M tuberculosis cells by THP-1 
When the eight clinical isolates of M tuberculosis were subjected to phagocytosis 
by the activated THP-1 cells (macrophages) after serial dilution of the respective 
mycobacterial pure cultures, it was found that 100 % uptake of the M tuberculosis cells 
by the macrophages could be achieved within two hours of contact and incubation, 
provided that the ratio between the mycobacterial cells and macrophages were maintained 
at a maximum of 1:9. Microscopic examination of the bacteria/macrophage mixture 
showed that all the acidfast bacilli were within the macrophages while there were no free 
bacteria in the background (Figure 13)，however, most of the macrophages were found to 
phagocytize more than one mycobacterial cell. 
2. Comparison of the Six Different Cell Breakage Procedures Using Pure Cultures o f M 
tuberculosis Isolates TB19 & 22a Phagocytized by Activated THP-1 Macrophages 
When the six different cell disruption methods were applied to the M. tuberculosis 
cells (IB 19 & 22a) phagocytized by the THP-1 macrophages to obtain the mycobacterial 
DNA, it was noted that the efficiency of obtaining DNA, demonstrated indirectly by the 
PCR results’ varied among the different methods used (Table 10 & 11). Method 1 and 2 
gave similar detection limits on both isolates, with the lowest being 0.002 CFU and 1 cell 
for 22a which has mutiple copies of IS6110/986, and 0.004 CFU and 4 cells for TB19 
which contains only one copy of the insertion fragment. The other methods were 
considerably more inferior with respect to the detection limits, with 40 CFU and >300 
cells for TB19 and a minimum of 0.002 CFU and 8 cells for 22a. 
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3. Comparison of Method 1 and Method 2 Using Pure Cultures of the Eight Clinical 
Isolates o f M tuberculosis Phagocytized by Activated THP-1 Macrophages 
Further comparison between Method 1 & 1 using M. tuberculosis isolates 
containing different number of copies of the insertion sequence, phagocytized by the THP-
1 macrophages, showed that the detection limit in CPU for Method 1 ranged from 14 
CFU to 0.002 CFU when detected by ethidium bromide staining, and from 1.4 CFU to 
0.002 CFU after hybridization; and the detection limit for number of cells ranged from 
>300 to 1 depending on the detection method (Table 12 & 13). When Method 2 was used 
for cell breakage, the achievable detection limits ranged from 0.006 to 0.002 CFU and 
from 8 to 1 cell (Table 12 & 13). It should also be noted that the detection limits tended 
to be lower for the isolates with more copies of the insertion sequence (Table 12 & 13). 
E. Analysis of Clinical Specimens Using Method 1 & 2 with the Optimized PCR Protocol 
Method 1 and Method 2 were selected as the cell breakage and DNA extraction 
methods for clinical specimens. The appearance of an amplified product of 245 bp was 
considered positive in the detection o f M tuberculosis DNA in the clinical specimens. 
When negative results, after PCR amplification, were obtained from clinical specimens 
spiked with purified DNA obtained from M tuberadosis H37Rv, a second round of PCR 
2+ • • 
would be applied to the extracts of the original specimens together with Mg ion titration 
and the presence of inhibitory effect(s) would be recorded. 
1. Bronchial Aspirate & Bronchoaveolar Lavage Fluid 
Two hundred and four specimens of either bronchial aspirate or bronchoaveolar 
lavage fluids taken from non-duplicated patients were processed for PCR detection o f M 
tuberculosis. Among these specimens, sixty-seven were bacteriologically positive, fifty-
nine were bacteriologically negative yet they were considered clinically positive for 
tuberculosis due to evidence obtained from histology, radiology or clinical findings, and 78 
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were non-tuberculosis controls (Table 14). When Method 1 was applied to treat the 
specimens followed by the optimized PCR protocol, 62 out of the 67 bacteriological 
positives were PCR positive and 57 of the 59 clinical positives were also positive (Figure 
14)，giving a sensitivity of 94.4% (Table 14). However, there were 12 false-positives of 
PCR from the negative control group, thus giving a specificity of 84.6% (Table 14). 
When Method 2 was applied for the same batch of specimens, a total of 14 PCR positives 
resulted, giving a sensitivity of 11.1% and specificity of 100% (Table 14). No inhibitory 
effect was detected from this batch of specimens (Figure 15). 
2. Pleural Fluid 
Ninety-four non-duplicated pleural effusion specimens were processed for the 
detection o f M tuberculosis DNA using the PCR protocol. Using Method 1 as the cell 
breakage and extraction procedure, six out of the 20 bacteriologically positive specimens 
were PCR positive, and eleven out of the 33 clinical positive specimens were PCR 
positive, while 10 out of the 41 negative controls were also PCR positive (Figure 16), 
resulting in 32.1% sensitivity and 75.6% specificity (Table 15). When Method 2 was 
applied for the analysis of the same batch of specimens, none of the specimens were PCR 
positive (Table 15). Twelve specimens from this batch were found to contain inhibitory 
factor(s) as demonstrated by the absence of the 245 bp product after spiking with purified 
U tuberculosis DNA to the specimens prior to the PCR amplification steps (Figure 17): 
3. Tissue 
A total of 50 tissue specimens, mainly lung biopsies and lymphnode biopsies, were 
included in this study. Inhibitory effect(s) were found in 23 of these specimens (Table 16， 
Figure 18) and variation of the Mg2+ ion concentration of the PCR mixture was required 
when a repeated PCR was done on the initially negative specimens. Among the 26 
bacteriological-positive specimens 12 were PCR positive using Method 1 for cell 
disruption and DNA extraction, and 5 out of the 10 specimens taken from patient 
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diagnosed to have tuberculosis by non-bacteriological means were also PCR positive 
(Table 16, Figure 19)，giving a sensitivity of 47.2%. Two specimens out of the 14 
negative controls became PCR positive for M tuberculosis DNA, and one of these two 
was taken from a patient who suffered from tuberculosis previously and finally diagnosed 
to have sarcoidosis. With this case included, the specificity of using Method 1 for these 
specimens was 85.7% (Table 16). When Method 2 was applied to the same batch of 
specimens, the sensitivity and specificity were 3.8% and 100% respectively (Table 16). 
4. Sputum 
One hundred and thirty-nine sputum specimens submitted to our laboratory were 
analysed, including 34 taken from patients with silicosis and the rest from patients with 
suspected chest infections. Only 6 out of the 139 patients were diagnosed 
bacteriologically or through other investigations to be of pulmonary tuberculosis, and 3 of 
this 6 specimens were PCR positive using Method 1 (sensitivity 50%, specificity 100%) 
(Table 17，Figure 20), and only 1 out of this six was positive by Method 2 (sensitivity 
16.7%, specificity 100%)(Table 17). Inhibitory effect(s) were found to be present in 3 
specimens (Table 17’ Figure 21). 
5. Cerebrospinal Fluid 
Fifty-two specimens of cerebrospinal fluid collected from suspected cases of 
meningitis were analysed. Only two specimens were from tuberculous meningitis patients 
diagnosed clinically. Only Method 1 was used for this batch of specimen as the sample 
volume was too small for method comparison and repeated analyses. Inhibitory effect was 
observed from 10 specimens (Figure 22, Table 18), and the only two PCR positives were 
obtained from the two specimens of the clinically diagnosed IBM cases (Table 18), 
resulting in 100% sensitivity and specificity. 
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X. DISCUSSION 
A. Selection ofIS6110/986 for DNA Amplification 
A large number of different target sequences and respective primer pairs have been 
reported to be specific for rapidly detecting M tuberculosis worldwide (Hawkey, 1994). 
When the insertion sequence IS6110/986’ an element of the IS3 family o f M tuberculosis, 
has been proven to be specific for mycobacteria belonging to the M. tuberculosis complex 
(Thierry et al, 1990), it was the most commonly used target for detecting M. 
tuberculosis by DNA amplification (Eisenach et al., 1990; Thierry et al., 1990; Brisson-
Noel et al., 1991; Eisenach et al., 1991; Plikaytis et al., 1991; Altamirano et al, 1992; 
Buck, O'Hara and Summersgill, 1992; Kolk et al., 1992; Saboor, McI.Johnson and 
McFadden, 1992; Victor, Toit and Helden, 1992; Andersen et al, 1993; Clamdge HI et 
al” 1993; DeWit et al” 1993; Folgueira et al., 1993; Forbes and Hicks, 1993; Kocagoz et 
a/.’ 1993; Pierre et a/.’ 1993; Shawar et al., 1993; Folgueira et al., 1994; Kolk et al., 
1994; Kox et al., 1994; Schluger et al., 1994; Schluger et al., 1994). In addition to its 
specificity, IS6110/986 has an internal sequence which can be identified by a probe 
generated from amplification using INS-3 and INS-4 as the primer pair (McAdam et a/.’ 
1990), and in return enhancing the detection limit and specificity of the amplified DNA 
using INS-1 and INS-2 as the primer pair (Thierry et al., 1990). Moreover, IS6U0/986 
can exist in the genome o f M tuberculosis as multiple copies, its presence would have the 
advantage of lowering the detection limit of the target, yet it may cause a greater chance 
of contamination if not handled properly (Lee et al., 1994). However, recent reports 
(Das et al., 1993; van Soolingen et al., 1993a) have indicated that 0.1% to 1.1% of the 
U tuberculosis isolates from certain geographic area including Hong Kong contain no 
IS6110/986, and may therefore affect the sensitivity of using this target for the analysis of 
clinical specimens. In this study a hundred clinical isolates of M tuberculosis obtained 
from different local clinics, hospitals and institutions were screened for the presence of 
IS6110/986 using PCR as well as RFLP typing (Figure 4), all of the isolates tested were 
found to contain the insertion sequence. Although we failed to detect isolates lacking 
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IS6110/986 from our screening of a limited sample size, we are aware of the fact that such 
isolates may exist in this region. However, based on our screening results, the availability 
of materials and techniques, and the favourable reports in the literature in using this target 
sequence, we chose to sacrifice a maximum of 1.1% sensitivity while taking all the 
advantages of using this 'well-researched target sequence for setting up the DNA 
amplification protocol. 
B. Optimization of PCR Conditions Reflected by Detection Limit of Target DNA 
,The lowest detection limit by the different PCR protocols reported in literature for 
detecting target DNA purified from Mycobacterium tuberculosis was 1.0 fg (Eisenach et 
a!,, 1990; Kolk et al., 1992; Saboor, McI.Johnson and McFadden, 1992). Variations in 
the different PCR protocol have been focused on concentration of primer pairs, 
concentration of Mg2+ ion, concentration ofdNTP and the number of thermal cycle used 
since these conditions might affect the production of the amplified product. It should be 
noted that the concentrations of primer pairs, Mg2+ ion as well as dNTP needed to be 
adjusted so that the Taq polymerase catalysed the reaction under optimal conditions to 
amplify the target DNA, and theoretically, the highest peak of the efficiency of DNA 
amplification would appear around the thirtieth thermal cycle where the largest amount of 
PCR product at the same phase of amplification would be obtained (Innis and Gelfand, 
1990). In this study we have tested our PCR protocol by varying the concentrations of 
primer pairs (Figure 6 & 7), concentrations of Mg2+ ion (Figure 8) and the number of 
thermal cycles. Using concentrations of primer pairs at 200 [xg/mL and of Mg2+ ion and 
dNTP at 1.5 mM and 12.5 mM respectively, and with 30 thermal cycles, we found that 
cmr PCR protocol managed to achieve the lowest detection limit of 0.025 fg of target 
DNA purified from M tuberculosis as viewed by both ethidium bromide stained agarose 
gel after electrophoresis and Southern blot hybridization (Figure 9，Table 5). It should be 
noted that the detection limit of target DNA after PCR amplification could be enhanced 
when Southern blot hybridization was used to visualize the amplified products in addition 
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to confirmation of the product nature by probing (Figure 9), and it should also be noted 
that the detection limit would be lowered when the number of copies of the insertion 
sequence harboured by the different isolates increased (Table 5). Since our results 
compared favourably with reports in literature in obtaining the lowest detection limit of 
target DNA, we presume that we have optimized the PCR techniques which would be 
used for the amplification of MTB-DNA for further studies. 
C. Selection of Cell Breakage Methods Based on Detection Limits of CFU and/or 
Number of Mycobacterial Cells 
Over twenty cell disruption procedures have been described for dealing with M. 
tuberculosis, as pure cultures or in clinical specimens, to obtain DNA for rapid diagnosis 
of tuberculosis since 1989 when PCR technology was introduced to mycobacteriology 
(Hance et al., 1989). Quite a few workers reported the outcome of their PCR methods 
together with the cell breakage techniques by simply referring to the detection limit of 
target DNA and subsequently projected such detection limit to the equivalence of number 
of cells which were calculated to range from 40 to one-fifth of a cell (De.Wit et al., 1990; 
Fries et al, 1990; Hermans et al., 1990; Pao et al., 1990; Patel et a/.’ 1990; Kolk et a/.， 
1992). This approach of using target DNA and cell equivalence did not truly reflect the 
cell breakage efficiency as purified DNA after cell breakage was used to test their PCR 
protocol. Some worker have made use of pure cultures of organisms quantitated by viable 
count to obtain the number of colony-forming-units for the assessment of their cell 
breakage methods (Brissin-Noel et al., 1989; Hance et aL, 1989; Esienach et al., 1991; 
Manjunath et aL, 1991; Sritharan and Barker Jr., 1991; Buck, O'Hara and Summersgill, 
1992; Kolk et al., 1992; Victor, Toit and vanHelden, 1992; Forbes et aL 1993; Kocagoz 
et a/.’ 1993; Nolte et a!., 1993), and the lowest detection limit obtained was 0 023 CFU. 
Since M. tuberculosis tends to grow in clumps of microcolonies (Manjunath et al., 1991), 
the assessment of number of cells by CFU can be erratic as one colony counted visibly 
may have derived from more than one cell. It would seem more appropriate if the actual 
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cell count can be obtained in order to have an accurate assessment of cell breakage 
efficiency, but no studies in the literature had reported on the use of direct cell counts. 
In order to assess the efficiency of the cell breakage methods, an accurate means of 
counting the number of cells is necessary. We have made use of both the viable cell count 
method and the direct cell count methods for assessing the cell numbers. The results from 
the viable count method was again proven to be erratic as one colony usually derived from 
more than one mycobacterial cells. The use of direct cell count was found to be more 
accurate but there were technical difficulties in dispersing the cells in addition to the 
tedious and labour-intensive procedures in preparation of samples for microscopic 
examination. Tween 80 was used at a low concentration (0.05%) which allowed 
dispersion of the cultured cells with the slightest effect on the cell integrity (Koch and 
Gerhardt, 1981). Since the tested cultures were aliquoted after serial dilutions, and 
aliquots of the same dilution were subjected to different cell breakage methods chosen, the 
results on the amplified products generated by the template DNA after cell disruption 
would allow an indirect comparison on the efficiencies of the different cell breakage 
methods. 
In this study, six cell breakage methods were chosen for comparison with respect 
to their efficiencies in obtaining DNA for PCR amplification (DeWit et a!., 1990; Thierry 
“a / . ’ 1990; Buck, O'Hara and Summersgill, 1992; Kolk et al., 1992; Nolte et al, 1993; 
van Soolingen et al., 1993b). Method 1 (van Soolingen et al., 1993b) made use of 
enzymes, detergents and osmotic shock for cell breakage and was applied to obtain 
mycobacterial DNA for RFLP typing. Methods 2 to 6 (DeWit et al., 1990; Thierry et al., 
1990; Buck, O'Hara and Summersgill, 1992;" Kolk et al., 1992; Nolte et al_, 1993) made 
use of various cell breakage principles of liquid shearing, freeze-thawing, enzymatic and 
chemical means to obtain DNA from clinical specimens for PCR amplification. These 
methods were chosen for comparison based on their favourable reports of performance in 
providing good detection limits of target DNA, number of CFU, number of cell 
equivalence, as well as sensitivity and specificity when applied to clinical specimens. 
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When these six cell breakage methods were applied to the serially-diluted pure 
cultures o f M tuberculosis isolates in this study, it was found that Method 1 and Method 
2 compared favourably over the other methods, giving the lowest detection limits in CFU 
(0.002) (Table 6 & 8) and in number of cells (< l)(Table 7 & 9). When these six methods 
were applied to different dilutions o f M tuberculosis cells phagocytized by the activated 
THP-1 macrophages, similar results were obtained with Method 1 & 2 being more 
superior to the other methods as revealed by their low detection limits on CFU and 
number of cells (Table 10-13). Based on the comparative studies in applying these cell 
breakage methods for pure cultures in vitro and in vivo, it was obvious that Method 1 & 2 
were the two most efficient in breaking the M. tuberculosis cells to obtain DNA for PCR 
amplification. 
D. Application of Methods 1 & 2 and the Optimized PCR Protocol for Clinical Specimens 
Based on results of our studies aforementioned, Method 1 & 2, the two cell 
breakage methods evaluated using pure cultures o f M tuberculosis in vitro and in v/vo, 
together with the optimized PCR protocol, were applied for the analysis of clinical 
specimens including bronchial aspirate and lavage fluids, pleural fluids, tissues, sputa and 
cerebrospinal fluids. The PCR results were compared to the "gold standard" of 
mycobacteriology findings of smear and culture, histological findings of acidfast bacilli, 
caseation and granuloma, radiological findings and clinical judgements after empirical 
treatment of anti-tuberculous drugs (Yew et a!.’ 1991). 
1 • Bronchial aspirates and bronchoaveolar lavage fluids 
Bronchial aspirates and bronchoaveolar lavage fluid were specimens commonly 
submitted to mycobacteriology laboratory for investigation of pulmonary tuberculosis 
especially in patients with non-productive cough. Application of PCR procedure, with cell 
breakage methods including ultrasonication, detergent with boiling or beating, for the 
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analysis of these specimens revealed ranges of sensitivity and specificity from 61% to 
100% and 91% to 100% respectively (Sjobring et cd., 1990; Sritharan and Barker Jr., 
1991; Saboor, McI.Johnson and McFadden, 1992; Forbes et al., 1993). In our study, the 
application of cell breakage method in the analysis of 204 specimens of this type using 
enzymes and detergents (Method 1) revealed a sensitivity of 94.4% with a specificity of 
84.6 % (Table 14), while the sonication and freeze-thaw procedure (Method 2) gave a 
lower sensitivity (11%, Table 14) although the specificity was high (Figure 14’ Table 14). 
As no inhibitory effect was detected in this group of specimens (Figure 15, Table 14), it 
would seem that the small percentage of false-negatives may be due to imcomplete of the 
cell breakage. It should also be noted that Method 1 resulted in 12 cases of false-positives 
(Table 14). One of the false-positive specimens was from a patient with sarcoidosis who 
had previous pulmonary tuberculosis. The other cases of false-positive may also come 
from previous infections by M tuberculosis but the records failed to provide a long-term 
clinical history of the patients. 
2. Pleural fluids 
Favourable results have been reported in the literature when PCR analysis was 
applied to analyse pleural fluid specimens (DeWit et al., 1990; Hermans et al., 1990), with 
sensitivity ranging from 85.3% to 100% and with 100% specificity. When we applied the 
two methods to this group of specimens, the results were poor (Figure 16，Table 15). The 
sensitivity of using Method 1 was 32% while there was a complete failure in using Method 
2. The PCR was inhibited 12 of the 94 specimens and the inhibitory effect was not 
overcome by vaiying concentration of Mg^^ion (Figure 17, Table 15). In addition to the 
presence of inhibitory effects, the lack of sensitivity in dealing with this type of specimens 
might be due to high protein concentration in the specimens which might affect cell 
disruption hence DNA extraction, or the possibility that the M tuberculosis organism is 
absent in the specimens as the effusion largely results from a hypersensitivity reaction 
(Cheng et al., 1994). Culture results on this type of specimens have generally been 
unsatisfactory, with positive rate ranging from 20% to a maximum of around 70% (Cheng 
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et al” 1994), it is perhaps reasonable to extrapolate on such observation of culture 
recovery to explain the poor result of our PCR analysis. The two false-positive cases were 
from specimens taken from patients with previous history of tuberculosis and the presence 
of organism or cell debris including the bacterial DNA in the caseated foci may leak to the 
effusion when tissue necrosis was involved (Cheng et al., 1994), thus resulting in false-
positive findings. We have no further information on the other false-positives. In general 
the methods we have chosen worked poorly on this category of specimens, and the results 
do not confer with those reported in the literature. 
3. Tissues 
The application of PCR analysis for detecting M. tuberculosis in biopsied tissue 
specimens has not been common as reported in the literature although affirmative 
histological and bacteriological examinations of this type of specimens were considered as 
the "gold standard" for diagnosis (Yew et aL, 1991). There are several limitations for 
analysing this type of specimens as the procedure of obtaining the specimen is traumatic 
and the specimen size is usually too small and subject to sampling bias. In addition, the 
preparation of such specimens is extremely difficult as there is no way to assess the 
amount of mycobacterial DNA that can be obtained. The most favourable report in 
literature on the analysis of tissue specimens using PCR revealed that the sensitivity could 
reach 85% with 100% specificity (Hermans et al., 1990). When the two selected cell 
breakage methods and the optimized PCR protocol were applied to analyse 50 tissue 
specimens in this study, it was found that 23 (46%) (Figure 19, Table 16) of the specimens 
contained inhibitory effects in which 14 of them could be overcome by adjusting the Mg2+ 
ion concentration in the PCR mixture or by "re-amplification where the inhibitory effects 
were diluted by two-hundred-fold (Table 16). The low sensitivity of using Method 1 
(47.20/0) and Method 2 (3.8%) in analysing this batch of specimens (Table 16) indicated 
that either the methods applied were not suitable for this type of specimens or we may be 
dealing with the basic limitations aforementioned. Although the sensitivity was low, the 
specificity was acceptable (Figure 18, Table 16). Two false-positive cases from Method 1 
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were seen and one of them belonged to the same sarcoidosis patients abovementioned. 
The specificity by using Method 2 was not justified as the sensitivity was too low. 
4. Sputa 
It has been widely recognized and accepted that sputum specimens contain 
inhibitory effects ofTaq DNA polymerase (Soini et al., 1992; Clarridge III et al., 1993; 
Greenfield and White, 1993), with frequencies around 8%. Many studies have been 
reported on using PCR in the analysis of sputum specimens for the detection of M. 
tuberculosis (Pao et a!., 1990; Shankar et al., 1990; Eisenach et al., 1991; Portillo, 
Murillo and Patarroyo, 1991; Altamirano et a/.，1992; Buck, O'Hara and Summersgill’ 
1992; Cousins et a!.’ 1992; Victor, Toit and vanHelden, 1992; Folgueira et al., 1993; 
Kocagoz et al.，1993; Shawar et al, 1993; Kox et ai, 1994; Noordhoek et a!., 1994), 
and with different procedures used for sample clean-up, solubilization and DNA 
extraction, the outcome obtained might range from 2% to 100% sensitivity and 23% to 
100% specificity. In our study pretreatment of sputum specimens were performed with 
NALC-NaOH (Kolk et al., 1993; Shawar et a/.’ 1993; Victor, Toit and van Helden, 1993) 
before the specimens were subjected to the two selected cell breakage methods. Our 
results indicated that a small percentage of the specimens contained inhibitory effect(s) 
(Figure 21, Table 17). However, even without the interference of the inhibitory effects the 
results were not so satisfactory, with 16.6% to 50% sensitivity and 100% specificity 
(Figure 20, Table 17). In retrospect it should be noted that the sample size for positive 
specimens were too small for statistical analysis of sensitivity yet it was fair to conclude 
that the method was specific. Further work needs to be performed on analysing positive 
specimens with a large sample size. 
Cerebrospinal fluids 
The application of PCR amplification for cerebrospinal fluids has received much 
attention in the literature (Shankar et al., 1990; Kolk et al.. 1992; Folgueira et al., 1994’ 
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Lee et al., 1994) as tuberculous meningitis is a serious infectious disease which is difficult 
in making diagnosis through conventional means. Various cell breakage methods of 
applying enzymes and detergents and with mycobacterial DNA extracted from CSF by 
organic solvents for PCR amplification revealed that the sensitivity and specificity of using 
PCR for CSF in the diagnosis of tuberculous meningitis could reach 85% (Lee et al., 
1994). We have also made use of Method 1 as the selected cell disruption method and 
applied the optimized PCR protocol to analyse 52 CSF specimens. Inhibitory effects were 
found in 10 of the 52 specimens tested (Figure 22, Table 18). The specificity seemed very 
encouraging as there were no false-positive cases (Table 18). The sensitivity of using 
Method 1 also seemed encouraging, unfortunately, the sample size of the positive cases 
was too small to allow us to analyse and draw conclusions (Table 18). 
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XI. CONCLUSION 
A PCR protocol was optimized for the detection of DNA containing varying 
number of copies of an insertion sequence IS6110/986 specific forM tuberculosis, with 
the lowest detection limit of 0.025 fg target DNA. Six cell breakage methods were 
compared for treatment of the mycobacterial cells grown in vitro, as free cells and within 
macrophages after phagocytosis, prior to DNA extraction. Detection limits of 0.002 CFU 
and 1 cell with respect to cell numbers obtained by viable cell count and direct cell count 
were achieved using two of the cell disruption methods with the optimized PCR protocol 
when pure cultures were used. When the mycobacterial cells were within macrophages 
the detection limit of using the selected cell breakage and PCR methods remained 
unchanged. The two selected cell breakage methods and the PCR protocol, which worked 
successfully for the detection o f M tuberculosis in pure cultures in vitro and within 
phagocytized macrophages in vivo, were not too satisfactory when applied to analyse 
different types of clinical specimens. Reasonable results were obtained when a large 
number of bronchial aspirates and lavage fluids were analysed, and the preliminary results 
from the analyses of sputum and cerebrospinal fluids were also encouraging although the 
sample sizes were too small for proper evaluation. However, results on the analyses of 
pleural fluids and tissue biopsies were disappointing. 
The original design of this study was to evaluate or develop a PCR method for 
rapid detection o f M tuberculosis directly from clinical specimens, through basic steps of 
in vitro and in vivo studies on detection limits. Results have shown that an optimized 
method evaluated favourably in vitro and in vivo situations may not be totally successful 
when applied for analyses of clinical specimens, depending on variables such as the type of 
specimens, the presence or absence of inhibitory effects, and whether the cell breakage 
method is indeed efficient enough for the mycobacteria "embedded" or "protected" in 
various types of specimens. With the results shown in this study we can be confident to 
apply the method for rapid identification of M tuberculosis when the organisms are 
recovered in colonies or in broth cultures, but the method can only be recommended for 
the analysis of clinical specimens with limitations. Further investigations on clean-up 
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procedures for clinical specimens, removal or inactivation of inhibitory effects，and 
searching for efficient cell disruption methods universally or individually applicable for 
different types of clinical specimens, are necessary before we can make use of PCR 
amplification in a mycobacteriology laboratory to provide services for the rapid direct 
detection o f M tuberculosis from clinical specimens. 
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Table 1. Reference strains of Mycobacterium tuberculosis complex 
used as positive controls 
Species Source 
M tuberculosis RIVM 
M tuberculosis H37Rv 









ATCC : American Type Culture Collection 
NCTC : National Culture Type Collection 
BCH : Birmingham City Hospital, Birmingham, UK 
(van Soolingen et al, 1993b) 
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Table 2. Reference strains of Mycobacteria spp 
used as negative controls 












































ATCC : American Type Culture Collection 
TMC : Trudeau Mycobacterial Collection 
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Table 3. Reference strains of other bacterial and flingal species 






































ACH : Adelaide Children Hospital, Australia 
ATCC : American Type Culture Collection 
NCTC : National Collection Type Collection 
STH : St. Thomas Hospital, UK 
• : clinical isolate from Adelaide Children Hospital, 
Australia 
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Table 4. List of clinical isolates of Mycobacterium tuberculosis containing 
variable number of copies of IS6110/986 
Organism Number of insertion 
sequence copies 
TB 19 1 
TB 18 2 
TB 15 5 
153 a 6 
308 a 15 
TB20 is 
G53211 17 
22 a >17 
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Table 5. Detection limits of target DNA fromM tuberculosis isolates 
containing different number of copies of IS6110/986 
using the optimized PCR protocol 
DETECTION LIMIT OF TARGET DNA (fg) 
Number of 
Clinical insertion By EBA* By SBH* 
isolate sequence 
copies 
TB 19 1 2500 0.025 
TB 18 2 300 0.030 
TB 15 5 3.000 0.030 
153 a 6 5.500 0.050 
308 a 15 0.090 0.090 
TB 20 15 0.250 0.025 
G 53211 17 0.030 0.030 
22 a >17 <0.140 ^0.140 
•EBA : Ethidium bromide stained agarose gel after electrophoresis 
*SBH : Southern Blot & hybridization 
71 
Table 6. Comparison of six cell breakage & DNA extraction methods for pure 
cultures o f M tuberculosis TBI9 and 22a 
based on the detection limit in colony forming units 
Detection limit 
Ciinicai isolation Method Method Method Method Method Method 
(number of insertion 1 2 3 4 5 6 
sequence copies) 
TB 19 


















0.002 0.002 > 20 0.200 0.020 > 20 
EBA : Ethidium bromide stained agarose gel after electrophoresis 
SBH : Southern Blot & hybridization 
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Table 7. Comparison of six cell breakage & DNA extraction methods for pure 
cultures of M. tuberculosis TB\9 and 22a 
based on the detection limit in number of cells 
Detection limit 
Clinical isolation 
(number of insertion 
sequence copies) 
Method Method Method Method Method Method 
1 2 3 4 5 6 
TB 19 Number of 
(n = 1 ) cells 
(By EBA) 




>300 >300 27 >300 
22a Number of 
( n > 17) cells 
(By EBA) 




>300 >100 >300 
EBA : Ethidium bromide stained agarose gel after electrophoresis 
SBH : Southern Blot & hybridization 
73 
Table 8. Comparison between Methods 1 & 2 applied toM tuberculosis 
isolates containing different number of copies of IS6110/986 based on 
the detection limit in colony forming units 















(n = 2 ) 0.020 0.020 1.400 0.140 
TB 15 
(n = 5 ) 0.025 0.025 0.060 0.060 
153 a 
(n = 6 ) 0.005 0.005 0.530 0.530 
308 a 
n= 15) 0.005 0.005 2.000 0.200 
TB20 
n= 15) 0.073 0.073 0.290 0.029 
G53211 
( n = 1 7 ) 0.025 0.025 0.029 0.029" 
22 a 
( n � 1 7 ) 0.002 0.002 0.002 0.002 
EBA : Ethidium bromide stained agarose gel after electrophoresis 
SBH : Southern Blot & hybridization 
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Table 9. Comparison between Methods 1 & 2 applied to M. tuberculosis 
isolates containing different number of copies of IS6110/986 based on 
the detection limit in number of cells 








= 2 ) 
TB 15 
n = 5 ) 
153 a 
n = 6 ) 
308 a 








By EBA By SBH 
73 
6 
< 1 <1 

















EBA : Ethidium bromide stained agarose gel after electrophoresis 
SBH : Southern Blot & hybridization 
<1 ： none of mycobacteria cell was observed under fluorescent microscope 
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Table 10. Comparison of six cell breakage & DNA extraction methods for 
pure cultures o f M tuberculosis TB\9 and 22a phagocytized 
by activated THP-1 macrophages based on the detection limit 
in colony forming units 
Detection limit 
Clinical isolation 

































0.002 0.002 20.0 2.0 0.020 20.0 
EBA : Ethidium bromide stained agarose gel after electrophoresis 
SBH : Southern Blot & hybridization 
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Table 11. Comparison of six cell breakage & DNA extraction methods for pure cultures 
o f M tuberculosis TBI9 and 22a phagocytized by 
activated THP-1 macrophages based on the detection limit 
in number of cells 
Detection limit 
Clinical isolation 

































1 1 >300 >300 8 >300 
EBA : Ethidium bromide stained agarose gel after electrophoresis 
SBH : Southern Blot & hybridization 
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Table 12. Comparison between Methods 1 & 2 applied to phagocytized 
M tuberculosis isolates containing different number of copies of IS6110/986 
based on the detection limit in colony forming units 






By EBA By SBH 
Method 2 
By EBA By SBH 
TB 19 
( n = l ) 0.004 0.004 0.004 0.004 
TB 18 
(n = 2 ) 14.000 1.400 0.002 0.002 
TB 15 
(n = 5 : 0.600 0.060 0.006 0.006 
153 a 
( n = 6 ) 0.005 0.005 0.005 0.005 
308 a 
( n = 1 5 ) 0.002 0.002 0.002 0.002 
TB 20 
( n = 1 5 ) 0.029 0.029 0.003 0.003 
G 53211 
( n = 1 7 ) 0.020 0.020 0.002 0.002. 
22 a 
( n � 1 7 ) 0.002 0.002 0.002 0.002 
EBA : Ethidium bromide stained agarose gel after electrophoresis 
SBH : Southern Blot & hybridization 
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Table 13. Comparison between Methods 1 & 2 applied to phagocytizedM tuberculosis 
isolates containing different number of copies of IS6110/986 based on 
the detection limit in number of cells 










ByEBA BySBH By EBA By SBH 
TB 18 
(n = 2 ) >300 >300 
TB 15 
(n = 5 ) > 100 46 
153 a 
(n = 6 ) 
308 a 
( n = 1 5 ) 
TB 20 
( n = 1 5 ) > 100 16 
G53211 
( n = 1 7 ) 11 11 
22 a 
( n � 1 7 ) 
EBA : Ethidium bromide stained agarose gel after electrophoresis 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 2. Photographs showing DNA amplification product by PCR on 
M. tuberculosis H37Ra - the positive control. 
Left : Ethidium bromide-stained agarose gel 
Right : autoradiograph of the transferred DNA after hybridization 
Lane 1: DNA size marker—小 X174 / Hae III markers 
Lane 2: positive control product by PCR - M tuberculosis H37Ra 
Lane 3: negative control product by PCR - PCR grade water 
Arrows denote the PCR positive product of 245 bp (Left) 














Figure 3. Photographs showing negative PCR results when mycobacteria 
other than M. tuberculosis and other microorganisms were 
used as negative controls. 
Upper: Ethidium bromide-stained agarose gel 
Lower: autoradiograph of the transferred DNA after hybridization 
Lane 1: DNA size marker™ 小 X174 / Hae III markers 
Lane 2: positive control product by PCR - M. tuberculosis H37Ra 
Lane 3 :M kansasii 
Lane 4: M. gordonae 
Lane 5:M avium 
Lane 6: M intracellulare 
Lane T. M. fortuitum � 
Lane 8: M chelonae 
Lane 9: Nocardia asteroides 
Lane 10: Rhodococcus globerulus 
Lane 11: Candida psuudotropiculis 
Lane 12: Chrysosporhim tropicm 
Lane 13: Gectrichum candidum 
Lane 14: negative control 
Arrows denote the PCR positive product of 245 bp (Upper) • 
and the same product after hybridization (Lower). 
88 
245bp-
2 3 4 5 6 78 91011121314 
\ 
Figure 4. Autoradiograph showing the different restriction fragment 
length polymorphism (RFLP) types o f M tuberculosis 
isolates, using IS6110/986 as target sequence. 
Lane 1 RIVM 
Lane 2 IB 19 
Lane 3 TB 18 
Lane 4 IB 15 
Lane 5 153 a 
Lane 6 308 a 
Lane 7 TB 20 
Lane 8 G53211 
Lane 9 22 a 
Lane 10 H37Ra 
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Figure 5. Autoradiograph showing positive PCR products from the 
eight RFLP types of M. tuberculosis. 
Lane 1: DNA size marker™ 小 XI74 / Hae III markers 
Lane 2: positive control product by PCR on M. tuberculosis H37Ra 
Lane 3: TB 19 
Lane 4: TB 18 
Lane 5: TB 15 
Lane 6:153 a 
Lane 7:308 a 
Lane 8: TB20 
Lane 9: G 53211 
Lane 10: 22 a 
Arrow denotes the positive hybridized product. 
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Figure 6. Photographs showing the effect of primer concentration 
at 200 |ig/mL on the detection limit of target DNA after 
serial dilution of the target for PCR amplification. 
Upper: Ethidium bromide-stained agarose gel 












DNA size marker---小 X174 / Hae III markers 
positive control product by PCR - M tuberculosis H37Ra 









Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 7. Photographs showing the effect of primer concentration 
at 300 jig/mL on the detection limit of target DNA after 
serial dilution of the target for PCR amplification. 
Upper: Ethidium bromide-stained agarose gel 
Lower: autoradiograph of the transferred DNA after hybridization 
Lane 1: DNA size marker--- (j) X174/ Hae III markers 
Lane 2: positive control product by PCR - M tuberculosis H37Ra 
Lane 3: DNA from H37Ra containing 2.5 pg 
Lane 4: 0.25 pg 
Lane 5: 0.025 pg 
Lane 6: 2.5 fg 
Lane 7: 0.25 fg 
Lane 8: 0.025 fg 
Lane 9: 0.0025 fg 
Lane 10: 0.00025 fg 
Lane 11: 0.000025 fg 
Lane 12: negative control 
Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 8. Photographs showing the effect of magnesium ion 
concentrations on the detection limit of target DNA after 
serial dilution of the target for PCR amplification. 
Right: Ethidium bromide-stained agarose gel 
Left: autoradiograph of the transferred DNA after hybridization 
Lane 1: DNA size marker—小 XI74 / Hae III markers 
Lane 2: Mg2+ ion concentration for the amplification containing 1.0 mM 
Lane 3: 1.5 mM 
Lane 4: 2.0 mM 
Lane 5: 3.0 mM 
Lane 6: 5.0 mM 
Arrows denote the PCR positive product of 245 bp (Right) 
and the same product after hybridization (Left). 
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Figure 9. Photographs showing the detection limit of target DNA 
using the optimized PCR protocol onM. tuberculosis H37Ra. 
Upper: Ethidium bromide-stained agarose gel 
Lower: autoradiograph of the transferred DNA after hybridization 
Lane 1: DNA size marker—小 X174 / Hae III markers 
Lane 2: positive control product by PCR • M. tuberculosis H37Ra 
Lane 3: DNA from H37Ra containing 25.0 pg 
Lane 4: 2.5 pg 
Lane 5: 0.25 pg 
Lane 6: 0.025 pg 
Lane 7: 2.5 fg 
Lane 8: 0.25 fg 
Lane 9: 0.025 fg 
Lane 10: 0.0025 fg 
Lane 11: 0.00025 fg 
Lane 12: 0.000025 fg 
Lane 13: 0.0000025 fg 
Lane 14: negative control 
Arrows denote the PCR positive product of 245 bp (Upper) • 
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Figure 10. Photographs showing the difference in detection limits 
of target DNA by PCR on M. tuberculosis isolates with 
different number of copies of IS6110/986. 
Left : Ethidium bromide-stained agarose gel 
Right: autoradiograph of the transferred DNA after hybridization 
Lane 1: DNA size marker— (j) XI74 / Hae HI markers 
Lane 2: positive control product by PCR - M. tuberculosis H37Ra 
Lane 3: DNA from TB 20 containing 25.0 pg 
Lane 4: 2.50 pg 
Lane 5: 0.25 pg 
Lane 6: 0.025 pg 
Lane 7: 2.50 fg 
Lane 8: 0.25 fg 
Lane 9: 0.025 fg 
Lane 10: 0.0025 fg 
Lane 11: 0.00025 fg 
Lane 12: 0.000025 fg 
Lane 13: 0.0000025 fg 
Lane 14: negative control 
Lane 15: DNA size marker—小 X174 / Hae HI markers 
Lane 16: positive control product by PCR o n M tuberculosis H37Ra 
Lane 17: DNA from G53211 containing 30.0 pg 
Lane 18: 3.0 pg 
Lane 19: 0.30 pg 
Lane 20: 0.03 pg 
Lane 21: 3.0 fg 
Lane 22: 0.30 fg . 
Lane 23: 0.03 fg 
Lane 24: 0.003 fg 
Lane 25: 0.0003 fg 
Lane 26: 0.00003 fg 
Lane 27: 0.000003 fg 
Lane 28: negative control 
Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 11. Photographs showing the difference in detection limits 
in colony forming units by PCR on M. tuberculosis isolates 
with different number of copies of IS6110/986. 
Upper: Ethidium bromide-stained agarose gel 
lower: autoradiograph of the transferred DNA after hybridization 
Lane 1: DNA size marker---小 XI74 / Hae III markers 
Lane 2: positive control product by PCR on M tuberculosis H37Ra 
Lane 3: DNA extracted from 22a containing 2 x 10^ CPU 
Lane 4:2x10^ CFU 
Lane 5:2x10^ CFU 
Lane 6: 2 x 10'' CFU 
Lane 7:2x10^ CFU 
Lane 8:2x10^ CFU 
Lane 9: 20.0 CFU 
Lane 10: 2.0 CFU 
Lane 11: 0.20 CFU 
Lane 12: 0.02 CFU 
Lane 13: 0.002 CFU 
Lane 14: negative control 
Lane 15: DNA size marker—小 X174 / Hae III markers 
Lane 16: positive control product by PCR o n M tuberculosis H37Ra 
Lane 17: DNA extracted from TB 19 containing 2 x 10^ CFU 
Lane 18: 4x10^ CFU 
Lane 19: 4x10^ CFU 
Lane 20: 4 x lO* CFU 
Lane21:4x 10^  CFU 
Lane 22: 4 x 10^  CFU • 
Lane 23: 40.0 CFU 
Lane 24: 4.0 CFU 
Lane 25: 0.40 CFU 
Lane 26: 0.04 CFU 
Lane 27: 0.004 CFU 
Lane 28: negative control 
Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 12. Photographs showing the difference in detection limits 
in number of cells by PCR on M. tuberculosis isolates 
with different number of copies of IS6110/986. 
Upper: Ethidium bromide-stained agarose gel 





























DNA size marker— ^ X174/ Hae III markers 
positive control product by PCR o n M tuberailosis H37Ra 












DNA size marker— (j) X174 / Hae III markers 
positive control product by PCR o n M tuberculosis H37Ra 












Arrows denote the PCR positive product of 245 bp (Upper) 







































Figure 13. Photomicrographs of Ziehl-Neelsen stained smears 
showing M. tuberculosis cells (acidfast bacilli) 
phagocytized by activated THP-1 macrophages. 
Upper : Acidfast bacilli being phagocytized by macrophages. 
Note the clear background. 
Lower : Acidfast bacilli within a macrophage. 
Note the clear background. 
Bar represents 5 |im. 
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Figure 14. Photographs showing PCR amplification applied to bronchial 
aspirates and bronchoaveolar lavage fluids - A comparison 
between Method 1 & Method 2. 
Upper: Ethidium bromide-stained agarose gel 
Lower: autoradiograph of the transferred DNA after hybridization 
Lane 1 & 15 : DNA size marker—-小 X174 / Hae HI markers 
Lane 2 & 16 : positive controls product by PCR - M tuberculosis H37Ra 
Lane 3，5，7, 9，11，13，18’ 20，22，24 & 26 : samples prepared by Method 1 
Lane 4’ 6, 8，10，12，17，19’ 21’ 23, 25 & 27:samples prepared by Method 2 
Lane 14 & 28 : negative controls 
Lanes labeled by the capital alphabets and alphabet' are paired specimens 
treated with different methods. 
Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 15. Photograph of ethidium bromide-stained agarose gel 
showing PCR amplified products after spiking purified 
MTB DNA into bronchial aspirate & bronchoaveolar 
lavage fluid extracts. 
Lane 1 & 15 : DNA size marker—小 X174 / Hae III markers 
Lane 2 & 16 : positive controls product by PCR on M tuberculosis H37Ra 
Lane 3 to 13 & 17 to 27 : the appearance of positive PCR products 
after spiking purified MTB DNA into bronchial aspirate 
& bronchoaveolar lavage fluid extracts 
Lane 14 & 28 : negative controls 
Arrows denote the PCR positive product of 245 bp. 
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Figure 16. Photographs showing PCR amplification applied to pleural 
fluid specimens - A comparison between Method 1 & 
Method 2 . . 
Upper: Ethidium bromide-stained agarose gel 
Lower: autoradiograph of the transferred DNA after hybridization 
Lane 1 & 15 : DNA size marker— (|) XI74 / Hae HI markers 
Lane 2 & 16 : positive controls product by PCR - M tuberculosis H37Ra 
Lane 3，5，7’ 9，11，13，18，20, 22, 24 & 26 : samples prepared by Method 1 
Lane 4, 6’ 8, 10，12, 17, 19, 21, 23，25 & 27:samples prepared by Method 2 
Lane 14 & 28 : negative controls 
Lanes labeled by the capital alphabets and alphabet' are paired specimens 
treated with different methods. 
Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 17. Photograph of ethidium bromide-stained agarose gel 
showing PCR amplified products after spiking purified 
MTB DNA into pleural fluid extracts. 
Lane 1 & 15 : DNA size marker”-小 X174 / Hae IE markers 
Lane 2 & 16 : positive controls product by PCR - M tuberculosis H37Ra 
Lanes 3 to 8, 10 to 12, 17 and 19 to 27: the appearance of positive PCR 
products after spiking purified MTB DNA into pleural fluid extracts 
Lane 9，13，18 : the disappearance of positive PCR products indicating the 
presence of inhibitory effects (inh) after spiking purified MTB DNA into 
pleural fluid extracts 
Lane 14 & 28 : negative controls 
Arrows denote the PCR positive product of 245 bp. 
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Figure 18. Photograph of ethidium bromide-stained showing PCR 
amplified products after spiking purified MTB DNA into 
tissue extracts. 
Lane 1 & 15 : DNA size marker—小 X174 / Hae III markers 
Lane 2 & 16 : positive controls product by PCR o n M tuberculosis mi^ 
Lane 3 to 13 & 17 to 20: the disappearance of positive PCR products 
indicating the presence of inhibitory effects (inh) after spiking purified 
MTB DNA into tissue extracts 
Lane 21 to 27: the appearance of positive PCR products after spiking 
purified MTB DNA into tissue extracts (no inh) 
Lane 14 & 28 : negative controls 





Figure 19. Photographs showing PCR amplification applied to tissue 
specimens - A comparison between Method 1 & Method 2. 
Upper : Ethidium bromide-stained agarose gel 
Lower: autoradiograph of the transferred DNA after hybridization 
Lane 1 & 15 : DNA size marker— . X174 / Hae III markers 
Lane 2 & 16 : positive controls product by PCR - M tuberculosis H37Ra 
Lane 3, 5, 7, 9，11，13，18，20, 22, 24 & 26 : samples prepared by Method 1 
Lane 4，6，8, 10，12，17，19, 21, 23，25 & 27:samples prepared by Method 2 
Lane 14 & 28 : negative controls 
Lanes labeled by the capital alphabets and alphabet' are paired specimens 
treated with different methods. 
Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 20. Photographs showing PCR amplification applied to sputum 
specimens - A comparison between Method 1 & Method 2. 
Upper : Ethidium bromide-stained agarose gel, 
lower: autoradiograph of the transferred DNA after hybridization. 
Lane 1 & 15 : DNA size marker— (j) X174/ Hae HI markers 
Lane 2 & 16 : positive controls product by PCR - M tuberculosis H37Ra 
Lane 3，5, 7，9, 11, 13, 18, 20，22, 24 & 26 : samples prepared by Method 1 
Lane 4，6，8, 10’ 12,17，19,21, 23’ 25 & 27:samples prepared by Method 2 
Lane 14 & 28 : negative controls 
Lanes labeled by the capital alphabets and alphabet，are paired specimens 
treated with different methods. 
Arrows denote the PCR positive product of 245 bp (Upper) 
and the same product after hybridization (Lower). 
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Figure 21. Photograph of ethidium bromide-stained showing PCR 
amplified products after spiking purified MTB DNA into sputum extracts. 
Lane 1: DNA size marker—伞 X174 / Hae in markers 
Lane 2: positive controls product by PCR on M tuberculosis H37Ra 
Lane 4，5，7 & 8: the appearance of positive PCR products after spiking 
purified MTB DNA into sputa extracts 
Lane 3 & 6: the disappearance of positive PCR products indicating 
the presence of inhibitory effects (inh) after spiking purified 
MTB DNA into sputa extracts 
- Lane 14 & 28 : negative controls 
Arrows denote the PCR positive product of 245 bp. 
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Figure 22. Photograph of ethidium bromide-stained showing PCR 
amplified products after spiking purified MTB DNA 
into cerebrospinal fluid extracts. 
Lane 1: DNA size marker— ^XXIA! Hae m markers 
Lane 2: positive controls product by PCR o n M tuberculosis miV^ 
Lane 4 to 6, 9 to 13，18 to 21, 23, & 25 to 28: the appearance of positive 
PCR products after spiking purified MTB DNA 
into cerebrospinal fluid extracts 
Lane 3, 7, 8,17，22 & 24: the disappearance of positive PCR products 
indicating the presence of inhibitory effects (inh) after spiking purified 
- MTB DNA into sputa extracts 
Lane 14 & 28 : negative controls 
Arrows denote the PCR positive product of 245 bp. 
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